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1.1 ͸͡Ίʹ
ݱࡏɼզʑͷ਎ͷपΓʹ͸࣮ʹଟ͘ͷʠബບʡΛར༻ͨ͠੡඼͕͋;Ε͍ͯΔɽ
ྫ͑͹ɼ৯඼͕ࢎૉ΍ਫৠؾʹΑͬͯྼԽ͢ΔͷΛ๷͙ͨΊͷΨεόϦΞϑΟϧ
Ϝ΍ɼ૭Ψϥεͷ൓ࣹΛ௿ݮͨ͠Γಛఆͷ೾௕ͷޫ͚ͩΛ෼཭͢Δͱ͍ͬͨޫֶ
ബບ͕͋Δɽͦͯ͠΋ͪΖΜɼബບΛ༻͍༷ͨʑͳ൒ಋମσόΠε΍ूੵճ࿏ɼϝ
ϞϦɼ࣓ؾϔουͳͲͷిࢠσόΠε͔Βߏ੒͞ΕΔిࢠػث͕͋Δɽ͜ͷΑ͏
ͳബບΛ༻͍ͨ੡඼ͷଟ༷ੑΛߟ͑Ε͹ɼബບͳͯ͘͠ݱ୅จ໌͸ͳ͠ͱ͍ͬͯ
΋աݴͰ͸ͳ͍ɽಛʹ࠷ۙͰ͸ɼిࢠػثʹର͢Δ৘ใॲཧͷߴ౓Խͱߴ଎ॲཧ
Խ͓Αͼେ༰ྔԽ͕ٻΊΒΕ͓ͯΓɼͦΕʹ൐ͬͯɼిࢠσόΠεͷඍࡉԽ͕·
͢·͢ਐΜͰ͍Δɽ͔͠͠ɼσόΠεͷੑೳ޲্ͷͨΊʹਐల͖ͯͨ͠ۃ୺ͳඍ
ࡉԽ͸ɼҰํͰɼੑೳ޲্Λ੍ݶͤ͞ΔཁҼΛݦࡏԽͤͨ͞ɽ
ݱࡏͷ൒ಋମσόΠεͷଟ͘͸ɼγϦίϯ (Si)Λࡐྉͱͯ͠࡞੡͞Ε͍ͯΔɽͦ
ͷ୅දྫͰ͋Δ LSI(Large Scale Integration)͸ɼτϥϯδελ΍μΠΦʔυͳͲ
ଟ਺ͷిࢠσόΠεͷू߹ମͰ͋ΓɼͦΕΒ͕ۚଐബບʹΑͬͯܗ੒͞Εͨిۃ
΍഑ઢʹΑͬͯ݁߹͞Ε͍ͯΔɽ1ͭͷLSIΛߏ੒͢ΔిࢠσόΠεͷ਺͕๲େͳ
͜ͱ͔ΒɼSiͱిۃ͓Αͼ഑ઢ͕઀৮ (ίϯλΫτ)͢Δ਺΋๲େʹͳΔɽैͬͯɼ
LSIΛ͸͡Ίͱ͢Δ൒ಋମσόΠε͕҆ఆతʹಈ࡞͢ΔͨΊʹ͸ɼిؾಛੑ͕༏Ε
ͨίϯλΫτΛ࠶ݱੑྑ͘࡞੡͢Δ͜ͱ͕ॏཁͱͳΔɽ͔͠͠ɼ͜͜Ͱ໰୊ͱͳ
Δͷ͕ɼσόΠεͷඍࡉԽͷਐలʹΑͬͯݦࡏԽͨ͠઀৮఍߅ͷ૿େͰ͋Δɽ͜
Ε͸ɼۚଐిۃͱ Siͱͷ઀৮໘ੵ͕খ͘͞ͳΔ͜ͱͰۚଐ/Siք໘ʹ͓͍ͯ఍߅͕
૿େ͢Δݱ৅Ͱ͋Γɼ͜Εʹ͸ۚଐͱ൒ಋମΛ઀৮ͤͨ࣌͞ʹք໘Ͱੜ͡Δγϣο
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τΩʔোนͱݺ͹ΕΔϙςϯγϟϧোนͷߴ͞΋ؔ܎͍ͯ͠Δɽ݁Ռతʹɼ͜ͷ
઀৮఍߅ʹΑͬͯσόΠεશମͷੑೳΛ཯଎͞Εͯ͠·͏Մೳੑ͕͋Δɽैͬͯɼ
ඍࡉԽʹՃ͑ͯɼΑΓిؾ఍߅཰͕খ͍͞ࡐྉΛిۃ͓Αͼ഑ઢʹ༻͍Δ͜ͱ͕
՝୊ͱͳ͍ͬͯΔɽσόΠεͷඍࡉԽʹΑͬͯੜ͡Δผͷ໰୊͸ɼۚଐ/Siք໘Ͱ
ੜ͡Δ௿Թք໘൓Ԡ΍૬ޓ֦ࢄͰ͋Δɽ͜ͷݱ৅͕σόΠεͱಉεέʔϧఔ౓·
Ͱਐߦ͢Δ৔߹ɼσόΠεͷੑೳ΁ӨڹΛٴ΅͢͜ͱ͕ݒ೦͞Ε͍ͯΔɽैདྷɼۚ
ଐ/Siք໘Ͱੜ͡Δ௿Թք໘൓Ԡ͸ɼ൒ಋମج൘ද໘্ʹൺֱతް͍ۚଐບΛৠண
͠ɼϥβϑΥʔυޙํࢄཚ๏΍ΦʔδΣిࢠ෼ޫ๏Λ༻͍ͯධՁ͞Ε͖ͯͨɽ·
ͨɼγϣοτΩʔ઀߹ʹΑΔ੔ྲྀ࡞༻ʹ͍ͭͯ͸ɼڊࢹతͳిྲྀ-ిѹಛੑͷଌఆ
͕ߦΘΕ͍ͯΔ͚ͩͰ͋ͬͨɽ
͔͠͠ͳ͕ΒɼSiද໘্ʹిۃ΋͘͠͸഑ઢͱͯ͠࡞੡͞ΕΔۚଐബບͷບް
͸਺ nmʙ਺े nmͱඇৗʹബ͘ɼ͜Εʹ͸݁থੑ͕ߴ͘ݪࢠϨϕϧͰບް͕ਫ਼ີ
ʹ੍ޚ͞Εͨྑ࣭ͳۚଐബບ͕ෆՄܽͰ͋Γɼۚଐബບ͕ۃΊͯബ͍৔߹ʹ͓͚
Δۚଐ/Siք໘Ͱͷ൓ԠΛඍࢹతʹৄ͘͠ௐ΂Δ͜ͱ͕ॏཁͰ͋Δɽ͜ΕΛୡ੒͢
ΔͨΊʹ͸ɼSiද໘্ʹ͓͚Δۚଐബບͷ੒௕աఔ͓Αͼ൓ԠΛݪࢠϨϕϧͰཧ
ղ͢Δඞཁ͕͋Δɽ
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1.2 ബບͷ੒௕
1.2.1 ബບͷ੒௕աఔ
ബບͷ୅දతͳ࡞੡ํ๏ͷ 1ͭͰ͋Δ෺ཧతؾ૬੒௕๏ (PVD)ʹΑΔബບ੒௕
͸ɼਤ 1.1ʹࣔ͢Α͏ͳաఔΛܦΔͱཧղ͞Ε͍ͯΔɽ
Adsorption Re-evaporatoin
Diffusion
Arriving Atom
Growth
Dissociation
Direct Growth
ਤ 1.1: ؾ૬੒௕ʹ͓͚ΔݪࢠϨϕϧͰͷബບ੒௕աఔͷϞσϧɽ
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ৠணݯ͔Βඈདྷͨ͠ݪࢠ͸ɼ·ͣج൘ද໘ʹٵண͢Δɽ͜ͷٵணݪࢠ͸ɼ͋Δ
࣌ؒද໘ʹ଺ࡏ͠ɼ࠶ৠൃ͢Δɽද໘ʹ଺ࡏ͢Δݪࢠ͸ɼج൘ද໘্Λ֦ࢄ͠ɼଞ
ͷٵணݪࢠͱিಥ͢ΔɽিಥΛ܁Γฦͨ͠ٵணݪࢠ͸ɼ਺ݸͷݪࢠ͔ΒͳΔ֩Λ
ܗ੒͠ɼ͋Δྟքݪࢠ਺Λ௒͑ͨ֩͸҆ఆ֩ͱͳΔɽ͜ͷ҆ఆ͕֩ɼج൘্ʹඈ
དྷ͖ͯͨ͠ݪࢠΛٵऩͯ͠େ͖͘੒௕͠ɼബບͷܗ੒ʹࢸΔɽ
ബບͷ੒௕༷ࣜ͸ɼਤ 1.2ʹࣔ͢Α͏ʹɼ(a)ౡঢ়੒௕ɿVolmer-Weber(VW)ܕ੒
௕ɼ(b)૚ঢ়੒௕ɿFrack-van der Merwe(FM)ܕ੒௕ɼ(c)ౡঢ়+૚ঢ়੒௕ɿStranski-
Krastanov(SK)ܕ੒௕ͱ͍͏ 3ͭʹେ͖͘෼ྨ͞ΕΔɽ͜͜Ͱɼਤதͷ θ͸ৠணྔ
Λҙຯ͢Δɽ
(a) VWᆺ (b) FMᆺ (c) SKᆺ
θ < 1 ML
1 ML < θ < 2 ML
2 ML < θ
ਤ 1.2: ബບ੒௕ͷ 3ͭͷ੒௕༷ࣜɽ(a)ౡঢ়੒௕ɿVolmer-Weber(VW)ܕ੒௕ɽ(b)૚ঢ়
੒௕ɿFrack-van der Merwe(FM)ܕ੒௕ɽ(c)ౡঢ়+૚ঢ়੒௕ɿStranski-Krastanov(SK)
ܕ੒௕ɽ
VWܕ੒௕Ͱ͸ɼਤ 1.2(a)ʹࣔ͢Α͏ʹ੒௕ॳظஈ֊͔Β 3࣍ݩతͳౡ͕ܗ੒
͞ΕΔɽٵணݪࢠͷج൘ද໘্΁ͷ݁߹ΤωϧΪʔ͕খ͘͞ɼੜ੒͞ΕΔബບͷ
ද໘ΤωϧΪʔ͕େ͖͍৔߹ʹੜ͡ΔɽVWܕ੒௕Λࣔ͢ج൘ͱബບͷ૊Έ߹Θ
ͤ͸ඇৗʹଟ͍ɽ
FMܕ੒௕Ͱ͸ɼ2࣍ݩతͳ୯ݪࢠ૚ͷܗ੒͕܁Γฦ͞Εੜ͡ΔɽFMܕ੒௕͸ɼ
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VWܕ੒௕ͱ͸൓ରʹɼٵணݪࢠಉ࢜ͷ݁߹ΤωϧΪʔΑΓ΋ɼٵணݪࢠͷج൘
ද໘্΁ͷ݁߹ΤωϧΪʔͷํ͕େ͖͍৔߹ʹੜ͡ΔɽFMܕ੒௕͸ɼྫ͑͹ɼSi
ج൘ද໘্ʹ͓͚Δ Siബບͷ੒௕ [1]ͱ͍ͬͨಉछͷݪࢠͷ৔߹ʹੜ͡Δ͕ɼඞ
ͣ͠΋ج൘ͱബບͷݪࢠ͕ಉ͡Ͱ͋Δඞཁ͸ͳ͍ɽ
SKܕ੒௕Ͱ͸ɼ·ͣݪࢠ͸ج൘ද໘্ʹ͓͍ͯFWܕ੒௕ͷΑ͏ʹɼ1૚΋͠
͘͸਺૚ͷ૚ঢ়੒௕͕ੜ͡Δɽ͜ͷͱ͖ܗ੒͞Εͨ૚͸΢ΣοςΟϯάϨΠϠʔͱ
ݺ͹ΕΔɽ΢ΣοςΟϯάϨΠϠʔ͕ྟքບްΛӽ͑Δͱɼ3࣍ݩతͳౡঢ়ͷ੒௕
΁ͱҠߦ͢Δෳ߹తͳ੒௕༷ࣜͰ͋ΔɽSKܕ੒௕Ͱ͸ɼৠணݪࢠ͕ج൘ݪࢠͱ൓
Ԡͯ͠ք໘ʹ৽ͨͳԽ߹෺૚Λ΢ΣοςΟϯάϨΠϠʔͱͯ͠ܗ੒͢Δ͜ͱ͕͋
Δɽ͜ͷԽ߹෺૚͸ɼҰൠతʹ݁থੑ͕௿͘ΞϞϧϑΝεͰ͋Δ͜ͱ͕ଟ͍ɽ
͜ͷΑ͏ͳৠண෺࣭ͱج൘෺࣭ͷ૊Έ߹ΘͤͰଟ༷ʹมԽ͢Δബບ੒௕աఔͷ
ݚڀ͸ɼిࢠݦඍڸ (SEM)ͷੑೳ޲্ͱͱ΋ʹൃల͖ͯͨ͠ɽ࠷ۙͰ͸ɼ௿Τω
ϧΪʔిࢠݦඍڸ (Low-Energy Electron MicroscopeɿLEEM)ͱ͍ͬͨߴ͍ۭؒ
෼ղೳͱߴ͍࣌ؒ෼ղೳΛซͤ࣋ͭ SEMͷొ৔ʹΑΓɼബບ੒௕ͷಈతաఔΛͦ
ͷ৔؍࡯͢Δ͜ͱ΋Մೳͱͳ͍ͬͯΔɽ͔͠͠ͳ͕Βɼਤ 1.1ʹࣔͨ͠Α͏ͳݪࢠ
ϨϕϧͰͷૉաఔɼྫ͑͹ɼബບ੒௕ͷॳظʹܗ੒͞ΕΔ҆ఆ֩͸Կݸͷݪࢠ͔
Βߏ੒͞ΕΔͷ͔ɼ΋͘͠͸҆ఆ֩͸ج൘ද໘্ͷͲͷαΠτʹٵண͍ͯ͠Δ͔ɼ
ͱ͍ͬͨաఔΛ໌Β͔ʹ͢ΔͨΊʹ͸ɼ਺ nmͷۭؒ෼ղೳ͕͋Δ SEMͰ΋͑͞
ෆे෼Ͱ͋Δɽલड़ͨ͠Α͏ʹɼۙ೥Ͱ͸ݪࢠϨϕϧͰਫ਼ີʹ੍ޚ͞Εͨྑ࣭ͳ
ۚଐബບ͕ඞཁͱ͞Ε͓ͯΓɼͦͷͨΊʹ͸ɼബບ੒௕աఔΛݪࢠϨϕϧͰཧղ
͢Δඞཁ͕͋ΔɽதͰ΋ബບ੒௕ͷॳظաఔ͸ɼٸफ़ͳۚଐബບ/൒ಋମք໘ͷܗ
੒Λܾఆ͚ͮΔͨΊɼಛʹॏཁͰ͋Δͱߟ͑ΒΕ͍ͯΔɽ
1.2.2 ബບ੒௕ͷ֬཰աఔϞσϧ
࣮ࡍͷബບ੒௕Ͱ͸ɼਤ 1.1Ͱࣔͨ͠ৠணݪࢠͷٵண΍֦ࢄɼ֩ܗ੒ɼ֩੒௕ͱ
͍ͬͨૉաఔ͸ɼݸผʹͰ͸ͳ͘ɼޓ͍ʹෳࡶʹབྷΈ߹ͬͯੜ͍ͯ͡Δɽ͜ͷΑ
͏ͳෳࡶͳݱ৅Λཧ࿦తʹऔΓѻͬͨ୅දతͳ΋ͷͱͯ͠ɼZinsmeister [2]ΒʹΑ
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Δ֬཰աఔϞσϧ͕͋Δɽ͜ͷϞσϧͰ͸ɼബບ੒௕աఔʹର͍͔ͯͭ͘͠ͷԾ
ఆͷ΋ͱʹ୯७Խ͠ɼ֩ܗ੒͓Αͼ֩੒௕աఔΛ൓Ԡ଎౓ࣜͰهड़͠ɼ੒௕աఔ
Ͱܗ੒͞ΕΔΫϥελʔͷ਺ີ౓ͷมԽΛఆࣜԽͨ͠ɽ͜͜Ͱ͸ɼ֬཰աఔϞσ
ϧʹ͍ͭͯ֓ཁΛઆ໌͢Δɽ
جຊํఔࣜ
֬཰աఔϞσϧͰ͸ɼബບ੒௕ͷૉաఔΛৠணݪࢠͷඈདྷɼج൘ද໘্΁ͷٵ
ணɼ࠶ৠൃɼ֦ࢄɼطଘͷΫϥελʔ΁ͷٵऩɼطଘͷΫϥελʔ΁ͷ௚઀෇Ճɼ
طଘͷΫϥελʔ͔Βͷղ཭ʹ෼͚ͯߟ͑Δɽਤ 1.3͸֤ݱ৅Λ໛ࣜతʹࣔͨ͠΋
ͷͰ͋Γɼਤதʹࣔͨ͠ه߸͸ͦΕͧΕɼFɿৠண଎౓ (୯Ґ࣌ؒ౰ͨΓʹج൘ʹৠ
ண͞ΕΔݪࢠ਺)ɼNiɿiݸͷݪࢠ͔ΒͳΔΫϥελʔͷ਺ɼτɿ୯ݪࢠج൘଺ࡏ࣌
ؒɼDɿ֦ࢄ܎਺ɼαiɿiݸͷݪࢠ͔ΒͳΔΫϥελʔ͔Β୯ݪࢠ͕ղ཭͢Δ֬཰ɼ
σiɿiݸͷݪࢠ͔ΒͳΔΫϥελʔ΁ৠணݪࢠ͕௚઀෇ண͢Δ֬཰ΛදΘ͢ɽ͜ͷ
ͱ͖ɼΫϥελʔ਺ີ౓ͷ࣌ؒมԽ͸ɼҰൠʹɼҎԼͷࣜͰද͢͜ͱ͕Ͱ͖Δɽ
Arriving Atom:F
Dissociation:α
Direct Growth:σ
Re-evaporatoin:τ
Diffusion:D
Adsorption
Growth
N1
N5
N4
N2
ਤ 1.3: Zinsmeisterͷཧ࿦ʹΑΔݪࢠͷج൘্ͰͷӡಈϞσϧɽ
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dN1
dt
= F − N1
τ
−N1
∑
i!1
DNi +
∑
i>1
Niαi −NiFσ1 (1.1)
dN2
dt
= DN1
2 −DN1N2 −N2α2 +N3α3 −N2Fσ2 +N1Fσ1 (1.2)
dNi
dt
= DN1Ni−1 −DN1Ni +Ni+1αi+1 −Niαi +Ni−1Fσi−1 −NiFσ1 (1.3)
ࣜ (1.1)͸୯ݪࢠͷ਺ີ౓ͷ࣌ؒมԽΛද͍ͯ͠Δɽӈลୈ 1߲͸ɼৠணݪࢠ਺ɼ
ୈ 2߲͸࠶ৠൃʹΑΔ୯ݪࢠͷ਺ͷݮগɼୈ 3߲͸طଘͷΫϥελʔ΁୯ݪࢠ͕
িಥ͠ٵऩ͞Εɼফ໓͢Δ਺ΛදΘ͍ͯ͠Δɽୈ߲̐͸ iݸͷݪࢠ͔ΒͳΔΫϥε
λʔ͔Βݪࢠ͕ 1ݸղ཭ͨ࣌͠ͷղ཭ͨ͠୯ݪࢠͷ૯਺ΛදΘ͓ͯ͠Γɼୈ 5߲͸
୯ݪࢠʹৠൃݯ͔Βͷ୯ݪࢠ͕௚઀෇Ճͯ͠ 2ݪࢠͷΫϥελʔʹ੒௕͢Δ͜ͱ
ΛදΘ͍ͯ͠Δɽ
ࣜ (1.2)͸ 2ݪࢠ͔ΒͳΔΫϥελʔͷ਺ີ౓ͷ࣌ؒมԽΛදΘ͍ͯ͠Δɽӈล
ୈ߲̍͸୯ݪࢠಉ࢜ͷিಥʹΑͬͯ 2ݪࢠΫϥελʔʹ੒௕͢Δ͜ͱΛදΘͯ͠
͓Γɼୈ 2߲͸ 2ݪࢠΫϥελʔʹ୯ݪࢠ͕িಥ͠ٵऩ͞Εɼ3ݪࢠΫϥελʔʹ
੒௕͢Δ͜ͱͰ 2ݪࢠΫϥελʔ͕ফ໓͢Δ͜ͱΛදΘ͍ͯ͠Δɽୈ 3߲͸ 2ݪࢠ
Ϋϥελʔ͔Β୯ݪࢠ͕ղ཭͢Δ͜ͱʹΑΔ 2ݪࢠΫϥελʔͷফ໓ɼୈ 4߲͸ 3
ݪࢠΫϥελʔ͔Β୯ݪࢠ͕ղ཭͢Δ͜ͱʹΑΔ 2ݪࢠΫϥελʔͷܗ੒ΛදΘ
͍ͯ͠Δɽୈ 5߲͸ 2ݪࢠΫϥελʔʹৠൃݯ͔Βͷ୯ݪࢠ͕௚઀෇Ճ͢Δ͜ͱ
ʹΑΔ 3ݪࢠΫϥελʔ΁ͷ੒௕ɼୈ 6߲͸୯ݪࢠʹৠൃݯ͔Βͷ୯ݪࢠ͕௚઀
෇Ճ͢Δ͜ͱʹΑΔ 2ݪࢠΫϥελʔͷܗ੒ΛදΘ͍ͯ͠Δɽ3ݪࢠҎ্ͷݪࢠ͔
ΒͳΔΫϥελʔ਺ີ౓ͷ࣌ؒมԽʹ͍ͭͯ΋ಉ༷ͷํఔࣜΛཱͯΔ͜ͱ͕Ͱ͖ɼ
iݸͷݪࢠ͔ΒͳΔΫϥελʔ਺ີ౓ͷ࣌ؒมԽ͸ࣜ (1.3)ͰදΘ͞ΕΔɽ
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ബບ੒௕ͷۙࣅతͳ֬཰աఔϞσϧ
લड़ͷ൓Ԡํఔࣜ͸Ұൠతʹղ͘͜ͱ͸ࠔ೉Ͱ͋Δ͕ɼຊݚڀ͕ର৅ͱ͢Δ֩
ܗ੒ஈ֊ʹରԠ෇͚ͯ؆୯Խ͢Δͱɼղੳղ͕ಘΒΕΔ.
·ͣɼ2ݸҎ্ͷݪࢠ͔ΒͳΔۚଐΫϥελʔͰ͸ɼͦͷ݁߹ղ཭ΤωϧΪʔ͕
਺ eVͱ͔ͳΓେ͖͍ͱ͍͏࣮ݧ݁Ռ͕ಘΒΕ͓ͯΓ [3]ɼΫϥελʔ͔Βݪࢠ͕
ղ཭͢Δ֬཰͸খ͍͞ͱߟ͑Δ͜ͱ͕Ͱ͖Δɽ·ͨɼৠணॳظஈ֊Ͱ͸ɼܗ੒͞
Εͨ 2ݸҎ্ͷݪࢠ͔ΒͳΔΫϥελʔͷ਺͸·ͩগͳ͍ͨΊɼৠணݪࢠ͕ج൘
্ʹٵண֦ͯ͠ࢄ͠ɼΫϥελʔʹٵऩ͞ΕΔ਺ͷํ͕ɼΫϥελʔʹ௚઀িಥ
ͯ͠ٵऩ͞ΕΔ਺ΑΓ΋ଟ͍ͱߟ͑ΒΕΔɽͦ͜ͰҎԼͷ̎ͭͷԾఆΛಋೖ͢Δɽ
• Ϋϥελʔ͔Βݪࢠ͕ղ཭͢Δ֬཰͸খ͍͞ɿαi ≈ 0
• Ϋϥελʔʹৠணݪࢠ͕௚઀িಥͯ͠ٵऩ͞ΕΔ֬཰͸খ͍͞ɿNiFσi ≈ 0
͜ͷ 2ͭͷԾఆΛ༻͍Δͱࣜ (1.1)ɼ(1.2)ɼ(1.3)͸ɼ
dN1
dt
= F − N1
τ
−N1
∞∑
i=1
DNiNi (1.4)
dN2
dt
= DN1
2 −DN1N2 (1.5)
dNi
dt
= DN1Ni−1 −DN1Ni (1.6)
ͱ୯७ԽͰ͖Δɽैͬͯɼ2ݪࢠҎ্͔ΒͳΔΫϥελʔͷ਺ີ౓͸ࣜ (1.5)ɼ(1.6)
Λશͯ଍͠߹Θͤͯɼ
∞∑
i=2
dN1
dt
= DNi
2 −DNiN∞ (1.7)
ͱදΘ͢͜ͱ͕Ͱ͖Δɽ࣮ࡍͷܥͰ͸ৠணݪࢠ਺͸༗ݶͰ͋Δ͜ͱ͔ΒɼN∞ = 0
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Ͱ͋ΔͷͰɼ
∞∑
i=2
dN1
dt
= DNi
2 (1.8)
ͱͳΔɽैͬͯɼৠணྔ (ৠண࣌ؒ)ʹґଘͨ͠Ϋϥελʔͷ਺ີ౓N ͱͯ͠ɼ
N =
∞∑
i=2
Ni = D
∫ t
0
N1
2(t)dt (1.9)
͕ಘΒΕΔɽ͞Βʹࣜ (1.9)Λࣜ (1.4)ʹ୅ೖ͢Δͱɼ୯ݪࢠ਺ີ౓ͷ࣌ؒมԽ͸ɼ
dN1
dt
= F − N1
τ
−DN12 −D2N1
∫ t
0
N1
2(t)dt (1.10)
ͱ͍͏ํఔࣜͰදΘ͢͜ͱ͕Ͱ͖Δɽ͍·ண໨͍ͯ͠Δ֩ܗ੒ஈ֊Ͱ͸ɼৠணݪ
ࢠ͸଎΍͔ʹطଘͷΫϥελʔʹٵऩ͞ΕΔͱߟ͑ΒΕΔͷͰɼ͞ΒʹԼهͷ̏
ͭͷԾఆΛಋೖ͢Δɽ
• ୯ݪࢠ਺ີ౓ͷ࣌ؒมԽ͸খ͍͞ɿ(dN1/dt) ≈ 0
• ୯ݪࢠಉ͕࢜ձ߹͢Δ֬཰͸খ͍͞ɿDN12 ≈ 0
• ୯ݪࢠ͕࠶ৠൃ͢Δ֬཰͸খ͍͞ɿ(N1/τ) ≈ 0
ͦ͏͢Δͱɼ୯ݪࢠ਺ີ౓ͷ࣌ؒมԽ͸ɼ
dN1
dt
= F −D2N1
∫ t
0
N1
2(t)dt = 0 (1.11)
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ͱͳΓɼ͜ͷ݁Ռ͔Βɼ
N1
∫ t
0
N1
2(t)dt =
F
D2
(1.12)
ͱ͍͏ํఔ͕ࣜಘΒΕΔɽैͬͯɼ֩ܗ੒ஈ֊ʹ͓͚Δ୯ݪࢠ਺ີ౓N1͸ɼ͜ͷ
ํఔࣜΛղ͘ͱɼ
N1 =
(
F
3D2
)1/3
t−1/3 (1.13)
ͱͳΔɽಉ༷ʹΫϥελʔ਺ີ౓N ͸ɼࣜ (1.13)Λࣜ (1.9)ʹ୅ೖ͢Δͱɼ
N =
(
3F 2
D
)1/3
t1/3 (1.14)
ͱͳΔɽ͜͜ͰɼFt = θ(θɿৠணྔ)ͷؔ܎Λ༻͍ΔͱɼΫϥελʔ਺ີ౓N ͸ɼ
N =
(
3F
D
)1/3
θ1/3 (1.15)
ͱͳΓɼ֩ܗ੒ஈ֊ʹ͓͚ΔΫϥελʔ਺ີ౓ͷղੳղ͕ಘΒΕΔɽࣜ (1.15)͸ɼ
Ϋϥελʔ਺ີ౓͸ৠணྔ θͷ 1/3৐ͰมԽ͠ɼಉ͡ৠணྔͰ΋ৠண଎౓ F ͕૿
Ճ͢Ε͹Ϋϥελʔ਺ີ౓͕૿Ճ͢Δ͜ͱΛҙຯ͍ͯ͠Δɽ͜Ε͸ಉ࣌ʹɼৠண
଎౓ F Λ૿Ճͤͯ͞ಉ͡ৠணྔΛৠணͨ͠ͱ͖ʹܗ੒͞ΕΔΫϥελʔͷαΠζ
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͕ɼৠண଎౓͕଎͍΄Ͳখ͍͜͞ͱ΋ҙຯ͍ͯ͠Δɽ
ബບ੒௕ͷγϛϡϨʔγϣϯ
AmarΒ [4]͸ɼ֬཰աఔϞσϧʹج͍ͮͯɼബບ੒௕աఔͷϞϯςΧϧϩɾγ
ϛϡϨʔγϣϯΛߦͬͨɽ൴Β͸ɼԼهͷΑ͏ͳػߏΛԾఆͨ͠ɽ
1. ৠண଎౓FͰج൘ද໘ʹඈདྷͨ͠ΞυΞτϜ͸ɼਖ਼ํ֨ࢠ্Λ֦ࢄ܎਺D(୯
Ґ࣌ؒ౰ͨΓʹΞυΞτϜ͕࠷ۙ઀αΠτʹҠಈ͢Δස౓)ͰϥϯμϜʹ֦
ࢄ͢Δɽ
2. ΞυΞτϜ͕࠷ۙ઀ͷଞͷΞυΞτϜͱিಥͨ͠৔߹ɼ྆ํͷݪࢠ͸֦ࢄΛ
ࢭΊɼ҆ఆͳ 2ݪࢠΫϥελʔΛܗ੒͢Δɽ
3. ֦ࢄ͍ͯ͠ΔΞυΞτϜ͕طଘͷΫϥελʔʹিಥͨ͠৔߹ɼ͜ͷΞυΞτ
Ϝ͸Ϋϥελʔʹٵऩ͞ΕΔɽ
4. 2ݪࢠҎ্͔ΒͳΔΫϥελʔ͸ج൘্ΛҠಈ͠ͳ͍ɽ
ਤ 1.4͸ৠணྔͷ૿େʹ൐͏୯ݪࢠ਺ີ౓ (N1)͓ΑͼΫϥελʔ਺ີ౓ (N)มԽ
ͷγϛϡϨʔγϣϯ݁ՌͰ͋Δɽ͜ͷਤ͔Β୯ݪࢠ਺ີ౓ (N1)͓ΑͼΫϥελʔ
਺ີ౓ (N)ͷมԽ͸ɼԼهͷ 4ͭͷஈ֊͔ΒͳΔ͜ͱ͕෼͔Δɽ
• ॳظ֩ܗ੒ஈ֊ (Lɿlow-coverage nucleation regime)
• ֩ܗ੒ஈ֊ (Iɿintermediate coverage regime)
• ֩੒௕ஈ֊ (Aɿaggregation regime)
• ߹ମஈ֊ (Cɿcoalescence and percolation regime)
ॳظ֩ੜ੒ஈ֊Ͱ͸ɼ୯ݪࢠ਺ີ౓͕Ϋϥελʔ਺ີ౓ΑΓ΋͸Δ͔ʹଟ͘ɼ୯
ݪࢠ͸طଘͷΫϥελʔʹٵऩ͞ΕΔΑΓ΋ɼ֩Λܗ੒͢Δස౓ͷํ͕ߴ͍ɽͦ
ͷͨΊɼΫϥελʔ਺ີ౓͸ٸܹʹ૿Ճ͢Δɽ
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֩ܗ੒ஈ֊Ͱ͸ɼΫϥελʔ਺ີ౓͕૿Ճͯ͠୯ݪࢠ਺ີ౓ͱಉఔ౓ʹͳΓɼ͞
ΒʹɼΫϥελʔ਺ີ౓͕୯ݪࢠ਺ີ౓ΑΓ΋େ͖͘ͳΔɽͦͯ͠ɼ͜ΕΒͷΫ
ϥελʔ͕୯ݪࢠΛٵऩͯ͠੒௕࢝͠ΊΔͨΊʹɼ୯ݪࢠͷ਺͸ݮগ͢Δɽ͜ͷ
ஈ֊Ͱ͸ɼ֩ܗ੒͸ੜ͍ͯ͡Δ΋ͷͷɼͦͷ૿Ճ͸ॳظ֩ܗ੒ஈ֊ʹൺ΂Ε͹؇
΍͔Ͱ͋Δɽ
֩੒௕ஈ֊Ͱ͸ɼΫϥελʔͷ਺ີ౓͓ΑͼͦͷαΠζ͸ج൘ද໘্Ͱ͔ͳΓ
ൃୡ͠ɼΫϥελʔ਺ີ౓͸୯ݪࢠͷฏۉࣗ༝ߦఔͱಉఔ౓ͱͳΓɼ͢΂ͯͷ୯
ݪࢠ͸طଘͷΫϥελʔʹ଎΍͔ʹٵऩ͞ΕΔɽैͬͯɼΫϥελʔ਺ີ౓͸Ұ
ఆͱͳΓɼ୯ݪࢠ਺ີ౓͸ٸܹʹݮগ͢Δɽ
߹ମஈ֊Ͱ͸ɼΫϥελʔಉ͕࢜߹ମ͢ΔͨΊΫϥελʔ਺ີ౓͸ݮগ͢Δɽ͜
ͷஈ֊Ͱ͸ج൘্͕΄ͱΜͲຒΊਚ͘͞Ε͓ͯΓɼ͞ΒʹৠணྔΛ૿Ճͤ͞Δͱɼ
طଘͷΫϥελʔ্Ͱ 2૚໨ͷ੒௕͕ى͜ΔͨΊɼ୯ݪࢠ਺ີ౓͸࠶ͼ૿Ճ͢Δɽ
ਤ 1.4: Ϋϥελʔ਺ີ౓ (N)ͱ୯ݪࢠີ౓ (N1)ͷৠணྔ (θ)ґଘੑɽ
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1.3 ਫૉऴ୺Si(111)ද໘ͷྺ࢙
ຊݚڀͰ͸ਫૉऴ୺ Si(111)-(1×1)[H:Si(111)]ද໘Λج൘ͯ͠༻͍͍ͯΔɽSiج
൘ද໘ͷਫૉऴ୺Խ͸ɼSiΛج൘ͱͨ͠൒ಋମσόΠεͷચড়޻ఔʹ͓͍ͯɼSi
ද໘্ͷࢎԽບ΍༗ػԚછ෺ͷআڈΛ໨తͱͯ͠ߦΘΕ͍ͯΔɽ͞Βʹɼਫૉऴ
୺Խͤ͞Δ͜ͱʹΑͬͯ Siද໘͸ෆ׆ੑԽ͞ΕɼࢎԽ΍Ԛછ෺࣭ͷٵணʹରͯ͠
଱ੑΛࣔ͢ɽSiද໘ͷਫૉऴ୺Խʹ͸ɼ௒ߴਅۭνϟϯόʔ಺Ͱ Si΢ΤϋΛՃ೤
ͯ͠ਗ਼ড়Խͨ͠ޙʹɼ೤ϑΟϥϝϯτͰղ཭ͤͨ͞ݪࢠঢ়ଶਫૉΛ Siද໘্ʹর
ࣹͯ͠ऴ୺ͤ͞ΔΨεٵண๏ͱɼେؾதͰԽֶ༹ӷॲཧʹΑΔԽֶ൓ԠʹΑͬͯ
Siද໘্ΛਫૉͰऴ୺͢ΔԽֶ༹ӷॲཧ๏ͷ 2͕ͭ͋Δɽݱࡏͷ൒ಋମϓϩηε
Ͱ͸ՄೳͳݶΓ௿Թͷϓϩηε͕๬·Ε͓ͯΓɼ͞Βʹɼਫૉෆ७෺͕ Siج൘಺
ʹ৵ೖ͢Δݒ೦΋͋ΔͨΊɼԽֶ༹ӷॲཧʹΑΔਫૉऴ୺Խ͕ҰൠతͰ͋Δɽ
Si(111)ද໘ͷਫૉऴ୺Խʹ͸ɼϑοԽਫૉࢎ (HF)·ͨ͸ϑοԽΞϯϞχ΢Ϝ
(NH4F)͕࢖༻͞ΕΔɽ͍ͣΕͷԽֶ༹ӷͰॲཧͨ͠৔߹Ͱ΋ɼSi(111)ද໘͸ਫૉ
ऴ୺Խ͞ΕΔ͕ɼͦͷද໘ܗଶ͓Αͼද໘ঢ়ଶʹ͸େ͖ͳҧ͍͕දΕΔɽTakahagi
ΒͱBurrowsΒ͸ɼHFਫ༹ӷʹΑͬͯॲཧͨ͠ Si(111)ද໘Λ੺֎ٵऩ෼ޫ๏͓
Αͼޫిࢠ෼ޫ๏Λ༻͍ͯධՁ͠ [5]ɼैདྷϑοૉͰऴ୺͞Ε͍ͯΔͱߟ͑ΒΕͯ
͍ͨ Si(111)ද໘͕ਫૉͰऴ୺͞Ε͍ͯΔͱใࠂ͠ɼ͔ͭͦͷঢ়ଶ͕monohydride
Ͱ͋Δ͜ͱใࠂͨ͠ɽTakahagi Β͸ɼද໘ͷγϦίϯ͸ monohydrideͰ͋Δͱ
͕ͨ͠ɼBurrowsΒ͸ɼද໘ͷঢ়ଶ͕monohydride͚ͩͰ͸ͳ͘ɼͦΕʹՃ͑ͯ
dihydride͓Αͼ trihydride͕ࠞࡏ͢Δͱใࠂͨ͠ [6]ɽ͜ΕΒͷใࠂΛػʹɼԽֶ
༹ӷॲཧ๏ʹΑΔ Si(111)ද໘ͷਫૉऴ୺Խʹؔ͢Δݚڀ͕׆ൃԽͨ͠ɽHigashi
Β͸ɼpHΛ੍ޚͨ͠ pHௐ੔؇িHFਫ༹ӷ (NH4F + HF)Ͱॲཧͨ͠ Si(111)ද
໘Λ੺֎ٵऩ෼ޫ๏Λ༻͍ͯධՁ͠ɼ΄ͱΜͲ͕monohydrideͰ͋Δͱڞʹɼݪ
ࢠϨϕϧͷฏୱੑΛ࣋ͭ͜ͱΛใࠂͨ͠ [7]ɽ͜ͷ݁Ռ͸ɼԽֶ༹ӷͷpH͕ਫૉऴ
୺Խ͞ΕΔ Si(111)ද໘ͷද໘ঢ়ଶ͓Αͼද໘ܗଶʹڧ͘Өڹ͢Δ͜ͱΛࣔ͢΋ͷ
Ͱ͋ΔɽMoritaΒ͸ɼHFਫ༹ӷ͓ΑͼNH4Fਫ༹ӷʹΑͬͯॲཧͨ͠ Si(111)ද
໘ͷද໘ܗଶͷҧ͍Λ STM؍࡯͔Βࣔͨ͠ [8–11]ɽਤ 1.5(a)ɼ(b)͸HFਫ༹ӷɼ
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ਤ 1.5(c)ɼ(d)͸NH4Fਫ༹ӷͰॲཧͨ͠ਫૉऴ୺ Si(111)ද໘ͷ STM૾Ͱ͋Δɽ
(a)ͷHFਫ༹ӷͰॲཧͨ͠ද໘͸ɼෆنଇͳԜತͰ෴ΘΕ͓ͯΓɼฏୱͳςϥε
͕΄ͱΜͲ֬ೝͰ͖ͳ͍ɽ͜Ε͸ɼpH͕௿͍HFਫ༹ӷͰ Si(111)ද໘Λॲཧ͠
ͨ৔߹ɼSi΢Τϋද໘্ͷࢎԽບ͸༰қʹআڈͰ͖Δ͕ɼSi ΛΤονϯά͢Δ͜
ͱ͸΄ͱΜͲͰ͖ͳ͍ͨΊɼݩʑͷࢎԽບͱ Siͱͷք໘ͷܗଶ͕ݱΕ͍ͯΔͱใ
ࠂ͍ͯ͠Δɽ͘͝Θ͔ͣͷྖҬͰ͸͋Δ͕ɼ(b)ʹࣔ͢Α͏ͳݪࢠ૾͕ಘΒΕɼ͜
ͷً఺͸ trihydrideʹରԠ͢Δͱใࠂ͍ͯ͠ΔɽҰํɼ(c)ͷNH4Fਫ༹ӷʹΑͬ
ͯॲཧͨ͠ද໘Ͱ͸ɼSi(111)΢ΤϋͷΦϑηοτ֯౓ʹԠͨ͡෯ͷςϥε͕୯ݪ
ࢠ૚ߴ͞ͷεςοϓΛִͯͯܗ੒͞Ε͍ͯΔɽ͜Ε͸ɼՃਫ෼ղʹΑͬͯɼNH4F
ਫ༹ӷ͕HFͱա৒ͳOHΠΦϯ͕ੜ੒͢Δ͜ͱͰ pH8ఔ౓ͷऑΞϧΧϦੑʹͳ
Γɼੜ੒͞ΕͨOHΠΦϯ͕ SiΛΤονϯά͢Δ͜ͱͰฏୱԽ͕ਐߦͨͨ͠Ίͩ
ͱใࠂ͍ͯ͠Δɽ͜ͷฏୱͳςϥεΛ֦େ͢Δͱɼਤ 1.5(d)ʹࣔ͢Α͏ͳݪࢠ૾
͕޿͍ྖҬͰಘΒΕɼ͜ͷً఺͸monohydrideʹରԠ͢Δͱใࠂ͍ͯ͠Δɽ
(a)
(b)
(c)
(d)
ਤ 1.5: HF͓ΑͼNH4Fਫ༹ӷͰॲཧͨ͠H:Si(111)ද໘ͷ STM૾ɽ(a)ɼ(b)HFਫ༹ӷ
Ͱॲཧͨ͠H:Si(111)ද໘ͷ STM૾ɽ(c)ɼ(d)NH4Fਫ༹ӷͰॲཧͨ͠H:Si(111)ද໘ͷ
STM૾ɽ
͜ͷΑ͏ʹɼNH4Fਫ༹ӷʹΑͬͯ Si(111)ද໘Λॲཧ͢Δ͜ͱͰɼฏୱੑ͕ߴ
͘ۉ࣭ͳH:Si(111)ද໘͕ܗ੒͞ΕΔ͜ͱ͕ใࠂ͞Εͨ [12–14]ɽ͔͠͠ɼਤ 1.6ʹ
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ࣔͨ͠Α͏ͳɼH:Si(111)ද໘ͷςϥε্ʹܗ੒͞ΕΔΤονϐοτͱݺ͹ΕΔࡾ
֯ܗঢ়ͷ݀ߏ଄͕ɼςϥε্ʹܗ੒͞ΕΔͱ͍͏໰୊͕͋ͬͨɽWadeΒ͸Τον
ϐοτ͕ੜ͡ΔݪҼ͸ɼNH4Fਫ༹ӷதʹؚ·ΕΔ༹ଘࢎૉʹ͋Δͱͨ͠ [15]ɽ͜
Ε͸ɼ༹ଘ͢ΔࢎૉʹΑͬͯඍࢹతʹࢎԽ͞ΕͨςϥεͷҰ෦͔Β SiͷΤονϯ
ά͕࢝·ΓɼΤονϐοτ͕ܗ੒͞ΕΔͱߟ͑ΒΕ͍ͯΔɽैͬͯɼฏୱੑ͕ߴ͍
H:Si(111)ද໘ΛಘΔͨΊʹ͸ɼ NH4Fਫ༹ӷதʹؚ·ΕΔ༹ଘࢎૉΛ௿ݮͤ͞Δ
ඞཁ͕͋Δɽ
ਤ 1.6: NH4Fਫ༹ӷͰॲཧͨ͠H:Si(111)ද໘ͷ STM૾ɽςϥε্ʹ͸Τονϐοτͱ
ݺ͹ΕΔࡾ֯ܗঢ়ͷ݀ߏ଄͕ଘࡏ͢Δɽ
͜ͷΑ͏ͳ՝୊ʹରͯ͠KatoΒ͸ɼNH4Fਫ༹ӷʹ (NH4)2SO3ΛఴՃ༹ͯ͠ଘ
ࢎૉΛ௿ݮͤ͞Δ͜ͱͰɼΤονϐοτ͕ଘࡏ͠ͳ͍ฏୱੑͷߴ͍H:Si(111)ද໘
Λ࡞੡Ͱ͖Δ͜ͱΛใࠂͨ͠ [16]ɽਤ 1.7͸KatoΒʹΑͬͯใࠂ͞ΕͨH:Si(111)
ද໘ͷ STM૾Ͱ͋Δɽਤ 1.7(a)Ͱ͸εςοϓ-ςϥεߏ଄͕ܗ੒͞Ε͓ͯΓɼςϥ
ε্ʹਤ 1.6Ͱࣔͨ͠Α͏ͳΤονϐοτ͸ೝΊΒΕͳ͍ɽ͜ͷਤதͷ໼ҹʹԊͬ
ͨߴ͞ϓϩϑΝΠϧΛԼʹ͍ࣔͯ͠Δɽ1εςοϓߴ͞͸ 0.32 nmͱɼSi(111)໘
ͷ୯ݪࢠ૚ߴ͞ʹҰக͓ͯ͠Γɼ͜ͷද໘͕ݪࢠϨϕϧͰۃΊͯฏୱͰ͋Δ͜ͱ
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͕෼͔Δɽ͜ͷฏୱͳςϥεΛ֦େ͢Δͱɼਤ 1.7(b)ʹࣔ͢Α͏ͳݪࢠ૾͕ಘΒ
Εɼ͜ͷً఺͸monohydrideʹରԠ͢Δͱใࠂ͍ͯ͠Δɽ͞ΒʹKatoΒ͸ɼSTM
؍࡯ʹՃ͑ͯɼߴ෼ղೳΤωϧΪʔଛࣦ෼ޫ (HREELS)ଌఆΛߦͳ͍ɼࢎԽບ΍
୸ૉԚછ͕ۃΊͯগͳ͍ਗ਼ড়ͳH:Si(111)ද໘͕࡞੡͞Εͨͱओு͍ͯ͠Δɽ͔͠
͠ͳ͕Βɼਤ 1.7(a)ΛݟΔͱɼςϥε্ʹ͸ଟ਺ͷෆ७෺ͱܽؕߏ଄͕ೝΊΒΕɼ
ݪࢠϨϕϧͰਗ਼ড়ͳH:Si(111)ද໘Λ࡞੡͍ͯ͠Δͱ͸શ͘ݴ͑ͳ͍ɽͦ͜Ͱຊݚ
ڀͰ͸ɼKatoΒʹΑͬͯใࠂ͞ΕͨH:Si(111)ද໘ͷ࡞੡ํ๏Λվྑ͠ɼςϥε
্ͷෆ७෺΍ܽؕͷେ෯ͳ௿ݮΛߦͬͨɽH:Si(111)ද໘ͷ࡞੡ํ๏ͷมߋ఺͓Α
ͼਗ਼ড়ੑͷࠩҟʹ͍ͭͯ͸ୈ 2ষͰड़΂Δɽ
ਤ 1.7: NH4F+(NH4)2SO3ਫ༹ӷʹΑͬͯॲཧͨ͠H:Si(111)ද໘ͷ STM૾ͱߴ͞ϓϩ
ϑΝΠϧɽ(a)190 × 190 nm2ɽ(b)9 × 9 nm2ɽ
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1.4 ઌߦݚڀ
લड़ͨ͠Α͏ʹɼSiද໘্ʹ͓͚Δۚଐബບͷ੒௕աఔΛݪࢠϨϕϧͰཧղ͢
Δ͜ͱ͸ɼجૅݚڀͱ͚ͯͩ͠Ͱͳ͘ɼԠ༻ݚڀͷ໘͔Β΋ॏཁࢹ͞Εɼ͜Ε·Ͱ
ʹ਺ଟ͘ͷݚڀ͕ਫ਼ྗతʹߦΘΕ͖ͯͨɽ͜Ε·ͰͷݚڀΛɼSiද໘্ʹ੒௕ͤ͞
ͨۚଐͷछྨͰ෼ྨͯ͠ΈΔͱɼAl [17,18]΍Ag [19–21]ɼPb [22–24]ͳͲͷ Siͱ
ݻ༹͠ͳ͍൓Ԡੑ͕௿͍ۚଐʹؔͯ͠͸਺ଟ͘ͷݚڀ͕ใࠂ͞Ε͍ͯΔɽͦͷதͰ
΋Ag͸࠷΋యܕతͳྫͱͯ͠ɼৄࡉͳٞ࿦͕ਐΜͰ͍Δɽྫ͑͹ɼSi(111)-(7×7)
ද໘্ʹࣨԹͰAgΛৠண͢ΔͱɼSKܕͰ੒௕Λ͢Δ͕ [19]ɼৠணॳظஈ֊Ͱܗ
੒͞ΕΔAgΫϥελʔͷ্໘͸ฏୱͰɼ΄ͱΜͲͷΫϥελʔ͸ߴ͕͞ 2ݪࢠ૚
ͱͳΔɽ͜Ε͸ɼిࢠత੒௕ͱݺ͹ΕɼྔࢠαΠζޮՌʹΑΓɼۚଐΫϥελʔ
಺ʹด͡ࠐΊΒΕͨిࢠͷϑΣϧϛ೾௕ʹରԠͨ͠ߴ͞ͷΫϥελʔ͕ಛҟతʹ
ܗ੒͞ΕΔ͜ͱʹΑΔ΋ͷͩͱߟ͑ΒΕ͍ͯΔɽMingΒ͸ɼSi(111)-(7×7)ද໘
্Ͱ Ag͕΢ΣοςΟϯάϨΠϠʔΛܗ੒͢Δલஈ֊ʹண໨͠ɼSi(111)-(7×7)ද
໘্ʹ͓͚ΔAgݪࢠͷ֦ࢄݱ৅Λ STMΛ༻͍ͯ௥੻ͨ͠ [25]ɽ͞ΒʹMingΒ
͸ɼSTMΛ༻͍ͨݪࢠૢ࡞ʹΑͬͯɼ೤֦ࢄʹΑͬͯܗ੒͞ΕͨAgΫϥελʔ
Λ࠶ݱͨ͠ [26]ɽ͜ͷΑ͏ͳݚڀྫͰࣔ͞ΕΔΑ͏ʹɼAgΛ͸͡Ίͱ͢Δ Siͱ
ݻ༹͠ͳ͍ۚଐͷ੒௕ʹ͍ͭͯ͸ɼݪࢠϨϕϧ·Ͱ͔ͳΓཧղ͕ਐΜͰ͍ΔɽҰ
ํɼSiʹରͯ͠ݻ༹͢Δ Zn [27]΍ Sn [28]ɼSiͱۚଐؒԽ߹෺Λܗ੒͢ΔTi [29]
΍Mn [30]ɼFe [31]ɼCo [33]ɼNi [34]ͳͲɼSiͱͷ൓Ԡੑ͕ߴ͍ۚଐʹ͍ͭͯ͸ɼ
ͦͷ੒௕աఔΛݪࢠϨϕϧͰݚڀͨ͠ྫ͕ۃΊͯগͳ͍ͷ͕ݱঢ়Ͱ͋Δɽ͜Ε͸ɼ
ݪࢠϨϕϧͰͷߴ͍ۭؒ෼ղೳΛ༗͢Δ STMΛ΋ͬͯͯ͠΋ɼ൓ԠʹΑͬͯੜ͡
ͨෳࡶͳߏ଄Λಉఆ͢Δ͜ͱ͕೉͍ͨ͠ΊͰ͋Δͱߟ͑ΒΕΔɽۙ೥Ͱ͸ɼ࣓ؾ
ه࿥ഔମ΍τϯωϧ࣓ؾ఍߅ૉࢠ (TMR)ͳͲͷεϐϯτϩχΫεσόΠε͕࣮༻
Խ͞Εɼ࣓ؾ఍߅ϥϯμϜΞΫηεϝϞϦ (MRAM)΍εϐϯτϥϯδελͳͲͷ
৽ͨͳσόΠεͷݚڀ͕੝ΜʹߦΘΕ͍ͯΔɽͦͷதͰ΋ಛʹɼSiϕʔεͷεϐ
ϯτϩχΫεσόΠεͷ։ൃ͕ظ଴͞Ε͍ͯΔɽैͬͯɼSiج൘ද໘্ʹ͓͚Δ
ڧ࣓ੑભҠۚଐݩૉͷ੒௕աఔΛɼݪࢠϨϕϧͰཧղ͢Δ͜ͱͷॏཁੑ͸·͢·
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͢ߴ·͍ͬͯΔɽ͔͠͠ͳ͕Βɼڧ࣓ੑભҠۚଐݩૉͷଟ͘͸ Siͱߴ͍൓ԠੑΛ
ࣔ͠ɼܗ੒͞ΕΔԽ߹෺΋ଟ༷͔ͭෳࡶͳߏ଄Λࣔ͢͜ͱ͔Βɼͦͷബບ੒௕ॳ
ظաఔΛݪࢠϨϕϧͰௐ΂ͨྫ͸΄ͱΜͲଘࡏ͠ͳ͍ɽ
ຊݚڀͰ͸ɼFeɼCoɼNiͷ 3ͭͷڧ࣓ੑݩૉͷதͰ Feʹண໨ͨ͠ɽFe͸࠷΋
਎ۙͰҰൠతͳڧ࣓ੑΛࣔ͢ݩૉͰ͋Γɼ1ݪࢠ͋ͨΓͷ࣓ؾϞʔϝϯτ͕࠷΋େ
͖͘ (Feɿ2.2 µBɼCoɿ1.7 µBɼNiɿ0.6 µB)ɼࢿݯͱͯ͠΋๛෋Ͱ͋ΔɽFe/Siܥ
ʹؔ͢Δݚڀ͸ɼݹ͔͘Β਺ଟ͘ͳ͞Ε͓ͯΓɼ࠷ۙͰ͸ɼSi(111)ද໘্ʹ͓͚
Δ Feബບͷ࣓ؾҟํੑʹؔ͢Δݚڀ΍ [35–39]ɼεϐϯτϥϯδελͷ࣓ੑిۃ
΁ͷԠ༻ [40]ͳͲɼ෯޿͘ߦΘΕ͍ͯΔɽFeബບͷ੒௕աఔ΍݁থߏ଄ʹ͍ͭͯ
͸ɼ1990೥୅ʹਫ਼ྗతʹݚڀ͕ߦΘΕ͕ͨɼͦΕΒ͸Xઢճં๏΍ిࢠઢճં๏ɼ
ޫిࢠ෼ޫ๏ͳͲʹΑΔɼ޿͍ྖҬ͔Βͷฏۉ৘ใʹجͮ͘ݚڀ͕΄ͱΜͲͰ͋
ΓɼSiද໘্ʹ͓͍ͯ Feݪࢠ 1ͭ 1͕ͭͲͷΑ͏ͳաఔΛܦͯബບ΁ͱ੒௕ͯ͠
͍͔͘ʹ͍ͭͯɼݪࢠϨϕϧͰͷ੒௕ػߏʹؔͯ͠͸ɼ΄ͱΜͲख͔ͭͣͱݴͬ
ͯྑ͍ঢ়ଶͰ͋Δɽ
1.4.1 Siج൘ද໘্ʹ͓͚ΔFeബບ
Fe͸࣮ʹଟ༷ੑʹ෋ΜͩۚଐͰ͋Γɼଞͷۚଐʹ͸ݟΒΕͳ͍ಛ௃తͳ෺ੑΛ
ࣔ͢͜ͱ͕஌ΒΕ͍ͯΔɽ୅දతͳ΋ͷͱͯ͠͸ɼԹ౓มԽͰੜ͡Δಉૉมଶʹ
ΑΔ݁থߏ଄มԽͱ࣓ؾಛੑมԽ͕͋Γɼਤ 1.8ʹ͸͜ΕΒ 2ͭͷมԽͷ༷ࢠΛ·
ͱΊ͍ͯΔɽόϧΫFe͸ࣨԹͰ͸ bccߏ଄ͷ α-FeͰɼ770ˆʹͳΔͱڧ࣓ੑ͔Β
ৗ࣓ੑ΁ͱมԽ͢Δ͕ɼ݁থߏ଄͸ bccߏ଄ͷ··Ͱ͋Δɽ911ˆʹୡ͢Δͱɼfcc
ߏ଄ͷ γ-FeʹมԽ͠ɼ1392ˆʹୡ͢Δͱ࠶ͼ݁থߏ଄͕ bccߏ଄ͷ δ-FeʹมԽ͢
Δɽ͜ͷΑ͏ͳಉૉมଶΛࣔ͠ɼ͔ͭڧ࣓ੑΛซͤ࣋ͭۚଐ͸ɼFeͷଞʹ Co͕
͋Δ͚ͩͰ͋Δɽ
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1392 Υ 1536 Υ
bccᵓ㐀 (α-Fe) fccᵓ㐀 (γ-Fe) bccᵓ㐀 (δ-Fe)
⼥Ⅼ
⼥ᾮ
770 Υ 911 Υ
ᙉ☢ᛶ ᖖ☢ᛶ
ਤ 1.8: Feͷ݁থߏ଄͓Αͼ࣓ؾಛੑͷԹ౓ґଘੑɽ
ࣨԹͰڧ࣓ੑΛࣔ͢όϧΫFeʹ͸ɼ݁থํҐʹґଘ࣓ͨ͠ؾҟํੑ͕͋Δ͜ͱ
͕஌ΒΕ͍ͯΔɽFeͷ৔߹Ͱ͸ɼ[100]ํ޲͕࠷΋࣓Խ͠΍͍࣓͢Խ༰қ࣠ɼ[110]
ํ޲͕࠷΋࣓Խ͠ʹ͍࣓͘Խࠔ೉࣠Ͱ͋Δɽ͜ͷ࣓ؾҟํੑͷͨΊɼFeബບ΋੒
௕͢Δ໘ํҐʹґଘ࣓ͯ͠ؾಛੑ͕มԽ͢Δɽྫ͑͹ɼFe(111)໘Ͱ͸໘಺࣓Խͷ
݁থํҐґଘੑ͕ऑ͍͜ͱ͔Β౳ํ࣓࿪Λ͕ࣔ͢ɼFe(110)໘͓Αͼ Fe(100)໘Ͱ
͸໘಺࣓Խͷ݁থํҐґଘੑ͕ڧ͍͜ͱ͕஌ΒΕ͍ͯΔɽ
͜ͷΑ͏ͳ໘ํҐͷҧ͍ʹΑͬͯੜ͡Δ࣓ؾҟํੑΛੵۃతʹར༻͢ΔͨΊʹɼ
ৠணج൘ͷ݁থํҐʹΑͬͯFeബບͷ໘ํҐΛ੍ޚ͢ΔࢼΈ͕ͳ͞Ε͍ͯΔɽਤ
1.9͸ϑοԽΞϯϞχ΢Ϝਫ༹ӷΛ༻͍ͯਫૉऴ୺Խͨ͠ Si(100)໘ɼSi(110)໘ɼ
Si(111)໘ʹɼࣨԹͰεύολϦϯάʹΑͬͯ࡞੡ͨ͠Feബບ (ບް 300 nm)ͷX
ઢճંଌఆ݁ՌͰ͋Δ [41]ɽ͜ΕΒͷϐʔΫ͸શͯ bccߏ଄ͷFeʹΑΔ΋ͷͰΓɼ
ਤ 1.9(a)ͷ Si(100)໘Λج൘ͱͨ͠৔߹ɼFe(110)໘ʹΑΔϐʔΫڧ౓͕࠷΋ڧ͘ɼ
༏ઌతʹ഑޲͍ͯ͠Δ͕ɼFe(100)໘ɼFe(211)໘ʹ΋഑޲͍ͯ͠Δ͜ͱ͕෼͔Δɽ
ಉ༷ʹɼਤ 1.9(b)ͷ Si(110)໘Λج൘ͱͨ͠৔߹΋ Fe(110)໘͕༏ઌతʹ഑޲͠ɼ
Fe(100)໘ɼFe(211)໘഑޲͕ݟΒΕɼSi(100)ɼSi(110)ද໘্ʹࣨԹͰ੒௕ͤͨ͞
Feബບ͸ɼଟ݁থബບͰ͋Δ͜ͱ͕෼͔ΔɽҰํɼਤ 1.9(c)ͷ Si(111)໘Λج൘ͱ
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ͨ͠৔߹ɼ(111)഑޲ͷ୯݁থബບ͕੒௕͍ͯ͠Δͷ͕෼͔Δɽ
Ұൠతʹɼbccߏ଄Ͱ͋ΔFe͸ (110)໘͕࠷҆ఆ໘Ͱ͋ΔͨΊɼ(110)഑޲Ͱ੒
௕͠΍͍͢ɽ࣮ࡍɼSi(100)໘ɼSi(110)໘্Ͱ͸ Fe(110)໘͕༏ઌ഑޲͍ͯ͠Δɽ
Ұํɼbccߏ଄ͷ (111)໘͸ද໘ݪࢠີ౓͕௿͘ද໘ΤωϧΪʔ͕େ͖͍ෆ҆ఆͳ
ߏ଄Ͱ͋ΔɽͦΕʹ΋ؔΘΒͣɼSi(111)ද໘্Ͱ͸ Fe(111)໘͕୯݁থͱͯ͠੒
௕͓ͯ͠Γɼͦͷ੒௕ػߏʹ͸ڵຯ͕࣋ͨΕΔɽͦ͜ͰຊݚڀͰ͸ɼࣨԹͰΤϐ
λΩγϟϧ੒௕͢Δ Si(111)ද໘্ʹ͓͚Δ Feബບʹয఺Λ౰ͯɼͦͷ੒௕ػߏ
ΛݪࢠϨϕϧͰղ໌͢Δ͜ͱΛ໨తͱͨ͠ɽҎԼͰ͸ɼSi(111)ද໘্ʹ͓͚ΔFe
ബບͷ੒௕ʹؔ࿈ͨ͠աڈͷݚڀʹ͍ͭͯ঺հ͢Δɽ
(b) Si(110) (a) Si(100) 
(c) Si(111) 
ਤ 1.9: Fe ബບ݁থํҐͷ Si ج൘໘ํҐґଘੑɽ(a)Si(100) ද໘ɽ(b)Si(110) ද໘ɽ
(c)Si(111)ද໘ɽ
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ઌߦݚڀ I Si(111)-(7×7)ද໘্ʹ͓͚ΔFeബບͷ੒௕
Si(111)໘ͷਗ਼ড়ද໘Ͱ͋Δ Si(111)-(7×7)࠶ߏ੒ද໘্ʹ͓͚ΔFeബບͷ੒௕
ʹؔ͢Δ͜Ε·Ͱͷݚڀ͸ɼେ͖͘ 3ͭͷछྨʹ෼ྨͰ͖Δɽ1ͭ໨͸ɼSi(111)-
(7×7)ද໘্ʹ਺ेnmʙ਺ඦnmͷບްͷFeബບΛ࡞੡͠ɼ͜ͷFeബບͷ݁থߏ
଄͓ΑͼFeബບͷ݁থํҐͱ Siج൘ͷ݁থํҐͱͷΤϐλΩγϟϧํҐؔ܎Λ൓
ࣹߴ଎ిࢠઢճં (RHEED)΍ಁաిࢠݦඍڸ (TEM)ͳͲͷిࢠճં๏ʹΑͬͯ
ಉఆ͢Δͱ͍͏΋ͷͰ͋Δɽ2ͭ໨͸ɼ1ͭ໨ͷݚڀͱ͸ରরతʹɼSi(111)-(7×7)
ද໘্ʹαϒ nmͷບްͷ FeബບΛ࡞੡͠ɼͦͷද໘ܗଶΛ STMΛ༻͍࣮ۭͯ
ؒ؍࡯͢Δ͜ͱͰ੒௕༷ࣜΛௐ΂Δͱ͍͏΋ͷͰ͋Δɽ3ͭ໨͸ɼSi(111)-(7×7)
ද໘্ʹαϒ-਺ nmͷບްͷFeബບΛ࡞੡͠ɼޫిࢠ෼ޫ๏ʹΑΔిࢠঢ়ଶଌఆ
͔ΒɼFe/Siք໘ʹ͓͚Δ൓ԠաఔΛௐ΂Δͱ͍͏΋ͷͰ͋ΔɽҎԼͰ͸͜ΕΒ 3
ͭͷݚڀʹ͍ͭͯड़΂͍ͯ͘ɽ
ChevrierΒ͸ Si(111)-(7×7)ද໘্ʹج൘Թ౓ 50ˆͰ FeΛບް 0.2-60 nmৠண
͠ɼͦͷ੒௕աఔΛRHEEDʹΑͬͯͦͷ৔؍࡯ͨ͠ [42]ɽͦͷ݁Ռɼbccߏ଄Λ
࣋ͭ α-Fe͕ Si[111] || α-Fe[111]ɼSi[110] || α-Fe[110]ͷํҐؔ܎ͰΤϐλΩγϟϧ
੒௕͢Δͱͨ͠ɽWangΒ͸ Si(111)-(7×7)ද໘্ʹࣨԹͰ FeΛບް 30 nmৠண
͠ɼͦͷ݁থߏ଄͓ΑͼΤϐλΩγϟϧํҐؔ܎ΛTEMΛ༻͍ͯௐ΂ [43]ɼbcc
ߏ଄Λ࣋ͭ α-Fe͕ (111)഑޲Ͱ੒௕͢Δͱͨ͠ɽ͜ͷ݁Ռ͸ChevrierΒʹΑΔ΋
ͷͱҰக͢Δɽ͔͠͠ͳ͕ΒɼWangͱChen͸ɼFeബບͷ݁থํҐʹ͸ Si(111)
ج൘ͱಉํҐʹ഑ྻͨ͠ A-type(aligned epitaxy)ͱ Si(111)ج൘ͷ< 111 >࣠ʹ
ରͯ͠ 180◦ ճసͨ͠B-type(twinned epitaxy) ͷ 2͕ͭଘࡏ͢Δ͜ͱΛࢦఠͨ͠ɽ
ͦͷ্ͰɼSi(111)-(7×7)ද໘্ʹ͓͚ΔFeബບ͸ twinned epitaxy͕ࢧ഑తͰ͋
Δ͕ɼΘ͔ͣʹ aligned epitaxyͷྖҬ͕ଘࡏ͢Δͱͨ͠ɽਤ 1.10(a)͸ Si[111] ||
α-Fe[111]ํ޲͔ΒಘͨಁաిࢠճંύλʔϯͰ͋ΓɼSi(2 2 0)ͱ α-Fe(1 1 0)ͷε
ϙοτ͕͍ۙҐஔʹଘࡏ͍ͯ͠Δɽ(b)͸ Si[1 1 0] || α-Fe[1 1 0]ํ޲͔Βಘͨಁաి
ࢠճંύλʔϯͰ͋ΓɼSi(2 2 0)ͱ α-Fe(1 1 0)ͷεϙοτҐஔ͕ 180◦ճసͨؔ͠
܎ʹͳ͍ͬͯΔɽ͜ͷೋ͔ͭΒɼΤϐλΩγϟϧํҐؔ܎͸ɼSi[111] || α-Fe[111]ɼ
Si[1 1 0] || α-Fe[1 1 0]ɼSi[1 1 0] || α-Fe[1 1 0]ͱͳΔɽ
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(a) (b)
ਤ 1.10: Fe/Si(111)-(7×7)ͷಁաిࢠճંύλʔϯɽ(a)Fe[111]/Si(111)ճંύλʔϯɽ
(b)Fe[1 1 0]/Si[1 1 0]ճંύλʔϯɽ
AlvarezΒ͸ɼSi(111)-(7×7)ද໘্ʹࣨԹͰ FeΛບް 0.004ɼ0.05ɼ0.4 nmৠ
ண͠ɼSTM؍࡯Λߦͬͨ [31]ɽ͞Βʹɼ௿ΤωϧΪʔΠΦϯࢄཚ෼ޫ (ISS)ଌఆ
͔Βɼද໘্ʹଘࡏ͢Δ SiݪࢠͱFeݪࢠͷൺ཰ΛٻΊͨɽਤ 1.11(a)ɼ(b)ɼ(c)͸
ͦΕͧΕບް 0.04A˚ɼ0.5A˚ɼ4A˚ͷ STM૾ɼ(d)͸ࣨԹͰ FeΛບް 2ɼ4.1ɼ8.1ɼ
12.2A˚ৠணͨ͠ Si(111)-(7×7)ද໘ͱ FeͷৠணΛߦ͍ͬͯͳ͍ Siج൘ද໘ͷ ISS
εϖΫτϧͰ͋ΔɽE/E0͕ 0.6෇ۙͷϐʔΫ͸ Siݪࢠɼ0.8෇ۙͷϐʔΫ͸Feݪ
ࢠʹ༝དྷͨ͠ϐʔΫͰ͋Δɽ֤ৠணྔͰಘΒΕͨ SiݪࢠͱFeݪࢠͷີ౓΋߹Θͤ
͍ͯࣔͯ͠Δɽ(a)Ͱ͸ɼ໼ҹͰࣔͨ͠Ґஔʹߴ͞ 1.3A˚ͷಥىߏ଄͕؍࡯͞Εͨɽ
ਤ 1.11(d)ͷϐʔΫڧ౓ΑΓɼ͜ͷಥىߏ଄͸ SiݪࢠͰ͋ΓɼSi಺෦ʹ৵ೖͨ͠Fe
ݪࢠ͕ SiݪࢠΛஔ׵͠ɼSiݪࢠΛ݁থ಺෦͔Βද໘্ʹ͸͖͡ग़ͨ͠ͱใࠂͯ͠
͍Δɽ(b)Ͱ͸ 7× 7࠶ߏ੒ද໘͸؍࡯͞Εͳ͘ͳΓɼཻঢ়ͷෆنଇͳΞϞϧϑΝ
εߏ଄ʹΑͬͯද໘શମ͕෴ΘΕ͍ͯΔɽ͜ͷߏ଄͸ (a)ͱಉ༷ʹFeݪࢠͷ Siج
൘಺෦΁ͷ৵ೖʹΑͬͯද໘্ʹ͸͖͡ग़͞Εͨ SiݪࢠͰ͋Δɽບް 4A˚ͷ (c)Ͱ
͸ɼ(b)Ͱ؍࡯͞ΕͨΞϞϧϑΝεߏ଄ͷ্෦ʹ 3࣍ݩ݁থ͕ܗ੒͞Ε͍ͯΔɽ͜
ͷΑ͏ͳബບ੒௕༷ࣜ͸ɼਤ 1.2(b)Ͱࣔͨ͠ SKܕ੒௕ʹରԠ͢ΔɽAlvarezΒ͸ɼ
ບް͕ 4A˚·Ͱ͸ɼFeݪࢠີ౓͸૿Ճ͍ͯ͠Δ΋ͷͷɼSiݪࢠີ౓͸มԽ͠ͳ͍
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͜ͱ͔ΒɼSiݪࢠ͸ 3࣍ݩ݁থͷ্໘ʹҐஔ͍ͯ͠Δͱͨ͠ɽ͞Βʹɼບް 2A˚Ͱ
͸ɼৠணͨ͠FeݪࢠͷΘ͔ͣ 10%͔͠ݕग़͞Ε͍ͯͳ͍͜ͱ͔Βɼͦͷ࢒ΓͷFe
ݪࢠ͸ Si಺෦ʹ৵ೖͨ͠ͱ݁࿦෇͚͍ͯΔɽ
(a)
(b)
(c)
(d)
ਤ 1.11: Fe/Si(111)-(7×7)ද໘ͷ STM૾ ((a)0.04 A˚ɼ(b)0.5 A˚ɼ(c)4 A˚)ͱ௿ΤωϧΪʔ
ΠΦϯࢄཚ෼ޫεϖΫτϧ (d)ɽ
ಉ͘͡AlvarezΒ͸ɼSi(111)-(7×7)ද໘্ʹࣨԹͰFeΛບް 0.6A˚ɼ2.8A˚ɼ8.7A˚ɼ
60A˚ৠண͠ɼͦΕͧΕͷບްͰࢵ֎ޫిࢠ෼ޫ (UPS)Λ༻͍ͯɼFe/Siք໘૚ͷԽ
ֶঢ়ଶΛଌఆ͠ɼFeͱ Siͷք໘൓ԠΛௐ΂ͨ [31]ɽਤ 1.12(a)͸ Siج൘ද໘্ʹ
FeΛৠணͨ࣌͠ͷ֤ບްʹ͓͚ΔUPSεϖΫτϧͰ͋ΔɽAlvarezΒ͸ɼບް͕
࠷΋ബ͍ 0.6A˚ͷεϖΫτϧ͕ɼϑΣϧϛ४Ґʹ͓͚Δঢ়ଶີ౓͕ۃΊͯখ͍͜͞
ͱΛআ͚͹ɼFeSiͷޫిࢠ෼ޫεϖΫτϧʹྨࣅ͍ͯ͠Δͱࢦఠͨ͠ɽͭ·Γɼਤ
1.11(b)Ͱࣔͨ͠ৠணॳظஈ֊Ͱܗ੒͞ΕΔΞϞϧϑΝε૚͸ɼFeSiʹྨࣅͨ͠Խ
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ֶঢ়ଶΛ΋ͭք໘൓Ԡ૚Ͱ͋Δͱ͍ͯ͠Δɽਤ 1.11(c)ʹࣔͨ͠Α͏ͳ 3࣍ݩ݁থ
͕؍࡯͞ΕΔບް 2.8A˚ͷޫిࢠεϖΫτϧ͸ɼ७మͷεϖΫτϧʹྨࣅͨ͠ϐʔ
ΫΛ΋ͪɼۚଐతͳεϖΫτϧͱͳΔɽ3࣍ݩ݁থͷද໘্ʹ͸ Siݪࢠ͕ଘࡏ͢
Δ͜ͱ͕ ISSଌఆʹΑͬͯࣔ͞Ε͓ͯΓɼ͜Ε͸ɼFeͷ 3࣍ݩ݁থͷද໘্ʹ Si
ݪࢠ͕ภੳ͍ͯ͠ΔͨΊͩͱใࠂ͍ͯ͠Δɽ
ਤ 1.12: Fe/Si(111)-(7×7)ද໘ͷࢵ֎ޫిࢠ෼ޫεϖΫτϧɽ
͜ͷΑ͏ʹɼSi(111)-(7×7)ද໘্ʹ FeΛৠண͢Δͱɼք໘൓Ԡ૚͕ܗ੒͞Ε
Δ͕ɼͦͷߏ଄͸ෳࡶͰ͋ΓɼݪࢠϨϕϧͰͷܗ੒աఔ΍ߏ଄ʹؔ͢Δৄࡉ͸෼
͔͍ͬͯͳ͍ɽ͜ͷΑ͏ͳք໘൓Ԡ૚͕ଘࡏ͢Δͱɼલड़ͨ͠Α͏ͳɼݪࢠϨϕ
ϧͰਫ਼ີʹ੍ޚ͞Εͨྑ࣭ͳۚଐബບͷ࡞੡΍ɼٸफ़ͳۚଐബບ/൒ಋମք໘ͷܗ
੒͕ࠔ೉ͱͳΔɽͦ͜ͰɼFe/Siք໘൓ԠΛ཈੍͢ΔͨΊʹɼ(1)Siද໘্ʹඍྔ
ͷ FeΛৠணͨ͠ޙʹҰ୴Ճ೤͢Δ͜ͱͰ҆ఆͳ FeγϦαΠυΛܗ੒͠ɼͦͷ্
ʹ FeബບΛ࡞੡͢Δ [44]ɼ(2)Siද໘্ʹۚଐͰ͋ΔAu [45]΍Cu [46]΍൒ಋମ
Ͱ͋ΔGaSe [47]ͳͲͷҟछ෺࣭ΛόοϑΝ૚ͱͯ͠ૠೖ͢Δɼ(3)Siද໘ͷμϯ
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άϦϯάϘϯυΛΞϯνϞϯ (Sb) [48]΍ਫૉ (H)Ͱऴ୺͠ෆ׆ੑԽ͢Δɼͱ͍ͬ
ͨख๏͕ͱΒΕ͍ͯΔɽͦͷதͰ΋ɼਫૉऴ୺Խ͸؆ศͰ͋ΓɼόϧΫऴ୺ͷ Si
ʹ͍ۙද໘ঢ়ଶ͕อͯΔ͜ͱ͔Βཧ૝తͰ͋Δͱݴ͑Δɽ
ઌߦݚڀ II ਫૉऴ୺Si(111)-(1×1)ද໘্ʹ͓͚ΔFeബບͷ੒௕
͜Ε·Ͱใࠂ͞Εͨ H:Si(111)ද໘্ʹ͓͚Δ Feബບͷ੒௕ʹؔ͢Δݚڀ͸ɼ
Si(111)-(7×7)ද໘ͱಉ༷ɼ(1)ిࢠճં๏ʹΑΔFeബບͷ݁থߏ଄͓ΑͼFeബບ
ͷ݁থํҐͱ Siج൘ͷ݁থํҐͱͷΤϐλΩγϟϧํҐؔ܎ͷಉఆɼ(2)STMΛ
༻͍ͨ Feബບද໘ܗଶͷ࣮ۭؒ؍࡯ʹΑΔ੒௕༷ࣜͷܾఆɼ(3)ޫిࢠ෼ޫ๏Λ
༻͍ͨిࢠঢ়ଶଌఆʹΑΔ Fe/Siք໘ͷ൓Ԡաఔͷݚڀͱ͍͏ 3ͭʹ෼͚ΒΕΔɽ
͜ΕΒʹՃ͑ͯɼXઢճં (XRD)๏ʹΑΔ Feബບͷ݁থߏ଄ͷಉఆɼ੺֎൓ࣹ
ٵऩ෼ޫ (IRAS)๏ʹΑΔ Feৠணද໘ͷද໘ঢ়ଶଌఆ͕ߦΘΕ͍ͯΔɽ
ChengΒ͸ϑοࢎॲཧʹΑͬͯ࡞੡ͨ͠ H:Si(111)ද໘্ʹࣨԹͰ FeΛບް
300nmৠண͠ɼͦͷ݁থߏ଄΍ΤϐλΩγϟϧํҐؔ܎ΛɼXRD͓ΑͼTEMΛ
༻͍ͯௐ΂ͨ [49]ɽਤ 1.13(a)͸͜ͷ Feബບͷ xઢճંύλʔϯͰ͋ΓɼSi(111)
ද໘ʹΑΔϐʔΫͷଞʹ͸ 2θ = 137.97◦ͷҐஔʹ α-Fe(222)༝དྷͷϐʔΫ͕ݱΕ
͍ͯΔͷΈͰ͋Δɽਤ 1.13(b)͸͜ͷ Feബບͷ Si[111] || α-Fe[111]ํ޲͔Βಘͨ
ಁաిࢠճંύλʔϯͰ͋ΓɼSi(2 2 0)ͱ α-Fe(1 1 0)ͷεϙοτҐஔ͕ 180◦ճస
ͨؔ͠܎ʹͳ͍ͬͯΔɽ͜ΕΒͷ݁Ռ͔ΒɼFeബບͷΤϐλΩγϟϧํҐؔ܎͸ɼ
Si[111] || α-Fe[111]ɼSi[1 1 0] || α-Fe[1 1 0]ɼSi[1 1 0] || α-Fe[1 1 0]ʹͳΔͱใࠂͯ͠
͍Δɽ
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ਤ 1.13: Feɿ300 nm/H:Si(111)ද໘ͷ (a)XRDύλʔϯͱ (b)Fe[1 1 0]/Si[1 0 1]ಁաిࢠ
ճંύλʔϯɽ
GruytersΒ͸ H:Si(111)ද໘্ʹࣨԹͰ FeΛৠண͠ɼͦͷද໘ܗଶΛ STM؍
࡯ͨ͠ [50]ɽਤ 1.14͸H:Si(111)ද໘্ʹগྔͷFeΛࣨԹͰৠணͨ͠ද໘ͷ STM
૾ͱߴ͞ϓϩϑΝΠϧͰ͋Δɽ͜ͷ STM૾ʹ͓͍ͯݽཱͨ͠྘৭ͷପԁ͕ FeΫ
ϥελʔͰ͋Γɼͦͷଞͷ෦෼͕ H:Si(111)ج൘Ͱ͋Δɽ͜ΕΑΓɼH:Si(111)ද
໘্ʹ͓͍ͯ Fe͸΢ΣοςΟϯάϨΠϠʔΛܗ੒ͤͣʹ 3࣍ݩతʹ੒௕͢ΔVW
ܕͰ੒௕͍ͯ͠Δ͜ͱ͕෼͔ΔɽH:Si(111)ද໘͸μϯάϦϯάϘϯυ͕ਫૉऴ୺
Խ͞Εෆ׆ੑͳͨΊɼFeͱ Siͷࠞ߹͕཈੍͞Εɼ੒௕༷͕ࣜ SKܕ੒௕͔ΒVW
ܕ੒௕΁ͱมԽͨ͠ͱߟ͑ΒΕΔɽ
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ਤ 1.14: Fe/H:Si(111)ද໘ͷ STM૾ɽ
MartinΒ͸H:Si(111)ද໘্ʹࣨԹͰFeΛৠணͨ࣌͠ͷද໘ঢ়ଶ͓Αͼք໘ঢ়
ଶΛɼIRASͱ֯౓෼ղࢵ֎ޫిࢠ෼ޫ (ARUPS)๏Λ༻͍ͯௐ΂ͨ [51]ɽਤ1.15(a)
͸ H:Si(111)ද໘্ʹࣨԹͰ FeΛ 1MLৠண͢Δલޙͷ IRASεϖΫτϧͰ͋Δɽ
ਤதͷϐʔΫ͸ Si-H৳ॖৼಈϞʔυʹରԠ͍ͯ͠ΔɽH:Si(111)ද໘্΁ͷ Feͷ
ৠணͷલޙͰɼ͜ͷৼಈόϯυશମͷڧ౓͕มԽ͓ͯ͠ΒͣɼϐʔΫҐஔͷγϑτ
͓ΑͼϐʔΫͷϒϩʔυχϯά΋ੜ͍ͯ͡ͳ͍ͱใࠂͨ͠ɽਤ 1.15(b)͸H:Si(111)
ਗ਼ড়ද໘ͱH:Si(111)ද໘্ʹࣨԹͰ FeΛৠணͨ࣌͠ͷARUPSεϖΫτϧͰ͋
ΔɽFeৠணྔ͕ 0.7 ML·Ͱ͸ɼSi-H݁߹͓Αͼ Si-SiόοΫϘϯυʹΑΔද໘ঢ়
ଶʹมԽ͕ੜ͍ͯ͡ͳ͍ͱใࠂ͍ͯ͠Δɽ͜ΕΒ 2ͭͷ݁Ռ͔ΒɼMartinΒ͸ɼ
Feݪࢠ͸ৠணॳظஈ֊ʹ͓͍ͯ H:Si(111)ද໘಺෦ʹ৵ೖ͍ͯ͠Δͱ݁࿦͚ͮͯ
͍Δɽ
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(a) (b)
ਤ 1.15: (a)Feɿ1 ML/H:Si(111)ද໘ͷ੺֎൓ࣹٵऩ෼ޫεϖΫτϧͱ (b)ࢵ֎ޫిࢠ෼
ޫεϖΫτϧͷ Feৠணྔґଘੑɽ
͔͠͠ͳ͕Βɼਤ 1.14ͷ STM؍࡯Ͱࣔͨ͠Α͏ʹɼFe͸H:Si(111)ද໘্ʹ͓
͍ͯVWܕͰ੒௕͓ͯ͠Γɼج൘ද໘্ʹFeݪࢠ͕৵ೖ༷ͨ͠ࢠΛࣔ͢ߏ଄΋ೝ
ΊΒΕͳ͍ɽ͜ͷΑ͏ʹɼ྆ऀͷ݁Ռ͸ໃ६͓ͯ͠ΓɼH:Si(111)ද໘্ͰFeബບ
͕ͲͷΑ͏ͳաఔΛܦͯ੒௕͍͔ͯ͘͠ͷৄࡉ͸ະͩ໌Β͔ʹͳ͍ͬͯͳ͍ɽ
1.4.2 ۚଐ/൒ಋମք໘
ۚଐͱ൒ಋମ͕઀߹͢Δͱɼͦͷք໘ʹΤωϧΪʔোน͕ݱΕɼ൒ಋମଆʹΩϟ
ϦΞ͕ෆ଍͢ΔྖҬ͕ੜ͡Δ͜ͱ͕͋Δɽ͜Ε͸γϣοτΩʔ઀߹ͱݺ͹ΕɼΩϟ
ϦΞ͕ෆ଍͢ΔྖҬ͸ۭ๡૚ͱݺ͹ΕΔɽۚଐ/൒ಋମք໘͔Β൒ಋମ಺෦΁޲͔
͏ۭ๡૚ͷ෯͸ɼ൒ಋମ΁ͷυʔϐϯάೱ౓͕গͳ͍΄Ͳɼ΋͘͠͸γϣοτΩʔ
োน͕ߴ͍΄Ͳେ͖͘ͳΔɽγϣοτΩʔ઀߹ʹ͸੔ྲྀ࡞༻͕͋ΓɼγϣοτΩʔ
όϦΞμΠΦʔυͱͯ͠༻͍ΒΕ͍ͯΔɽۚଐ/൒ಋମք໘ͷ઀৮఍߅͕྆෺࣭ͷ
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όϧΫ఍߅஋ʹൺ΂ͯແࢹͰ͖΄Ͳʹখ͍͞৔߹͸ΦʔϛοΫ઀߹ͱݺ͹Εɼ఍
߅஋͸ిྲྀͷ޲͖΍ిѹͷେ͖͞ʹґଘͤͣҰఆͰ͋ΓɼΦʔϜͷ๏ଇΛຬͨ͠
͍ͯΔɽΦʔϛοΫ઀߹͸ϝϞϦ΍τϥϯδελͳͲͷ൒ಋମσόΠεʹ͓͍ͯ
ॏཁͳ໾ׂΛՌ͍ͨͯ͠Δɽ͜ΕΒͷσόΠεͰ͸ɼ൒ಋମʹిྲྀΛྲྀͨ͢Ίʹ
ଟ਺ͷ൒ಋମʹۚଐిۃ͕͋Δ͕ɼߴ͍ిྲྀີ౓ͰిྲྀΛ஫ೖ͢ΔͨΊʹ͸ɼ௿
఍߅ͷΦʔϛοΫ઀߹ͰిۃΛܗ੒͠ͳ͚Ε͹ͳΒͳ͍ɽΦʔϛοΫ઀߹Λୡ੒
͢ΔͨΊʹ͸ɼ(1)γϣοτΩʔোนʹΑΔۭ๡ͷ෯ΛۃΊͯബ͘͢Δɼ(2)γϣο
τΩʔোนͷߴ͞Λ௿͘͢Δɼͱ͍͏ 2ͭͷख๏͕ߟ͑ΒΕ͍ͯΔɽ(1)Ͱ͸ɼ൒
ಋମதͷυʔϐϯάೱ౓Λߴ͘͢Δ͜ͱͰγϣοτΩʔোนͷ෯Λখ͘͞͠ɼΩϟ
ϦΞ͕োนΛτϯωϧޮՌʹΑͬͯಁա͢Δ͜ͱͰࣄ্࣮ΦʔϛοΫ઀߹Λୡ੒
Ͱ͖ΔɽҰํɼ(2)ͷγϣοτΩʔোนߴ͞Λ௿͘͢ΔͨΊͷҰൠతͳํ਑͸ཱ֬
͞Ε͓ͯΒͣɼ࡞੡͢ΔσόΠε͝ͱʹࢼߦࡨޡΛߦ͍ͬͯΔͷ͕ݱঢ়Ͱ͋Δɽ
Schottky͸ɼۚଐͷ࢓ࣄؔ਺Λ φMɼ൒ಋମͷిࢠ਌࿨ྗΛ χSͱ͢Δͱ͖ɼۚ
ଐ/nܕ൒ಋମք໘ʹੜ͡Δোนߴ͞͸ɼφB = φM − χSͰ༩͑ΒΕΔͱߟ͑ͨ [52]ɽ
͜ͷϞσϧ͸γϣοτΩʔۃݶͱݺ͹ΕΔ͕ɼݚڀ͕ਐΉʹͭΕͯɼ͜ͷࣜͰ͸࣮
ࡍͷ φB ஋ͱҰக͠ͳ͍͜ͱ͕໌Β͔ʹͳͬͨɽྫ͑͹ɼSi΍Geɼ͓ΑͼGaAs
ͱ͍ͬͨ൒ಋମͰ͸ɼφB ͸ φM ʹґଘͤͣʹҰఆ஋ͱͳΔɽ͜Ε͸ۚଐ/൒ಋମ
ք໘ʹ͓͚ΔϑΣϧϛ४Ґ͕ɼ͋ΔΤωϧΪʔҐஔʹݻఆ͞Ε͍ͯΔ͜ͱΛࣔ͠
͓ͯΓɼϑΣϧϛ४Ґͷϐχϯάݱ৅ͱݺ͹Ε͍ͯΔɽͦ͜ͰɼBardeen͸ɼ൒ಋ
ମද໘ʹ͸μϯάϦϯάϘϯυ΍ܽؕ४ҐͳͲʹΑΔঢ়ଶີ౓͕ߴ͍ද໘४Ґ͕
ଘࡏ͓ͯ͠Γɼۚଐͱͷ઀৮લʹΩϟϦ͕͜ͷ४Ґʹั֫͞ΕΔ͜ͱͰɼγϣοτ
Ωʔোน͓Αͼۭ๡૚͕ܗ੒͞ΕΔͱߟ͑ͨ [53]ɽ͢ͳΘͪɼγϣοτΩʔোนߴ
͞͸ද໘४Ґʹݻఆ͞Εͯ͠·͏ͨΊɼۚଐͷछྨʹ͸ґଘ͠ͳ͍ͱͨ͠ɽͦͷ
ޙɼ༷ʑͳۚଐɼ൒ಋମͷ૊Έ߹Θͤʹରͯ͠γϣοτΩʔোนߴ͕͞ௐ΂ΒΕɼ
ͦͷߴ͞ΛܾΊΔීวతͳϞσϧ͕໛ࡧ͞Εͨɽྫ͑͹ɼۚଐͷ࢓ࣄؔ਺ʹର͠
ͯγϣοτΩʔোนߴ͕͞มԽ͢Δׂ߹ (S஋)ʹΑΔධՁ͕͋ΔɽS஋͸࣍ͷΑ͏
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ʹఆٛ͞ΕΔɽ
S ≡ ∂φB/∂φM (1.16)
S=1ͷ࣌͸ɼۚଐͷ࢓ࣄؔ਺ͷมԽʹରͯ͠োนߴ͞ͷมԽ͕ҰఆͰ͋Γɼγϣο
τΩʔۃݶʹରԠ͠ɼোนߴ͞͸઀߹͢ΔۚଐΛม͑Δ͜ͱͰࣗ༝ʹ੍ޚͰ͖Δ
͜ͱΛҙຯ͍ͯ͠ΔɽҰํɼS=0ͷ࣌͸ɼۚଐͷछྨʹ͸·ͬͨ͘ґଘͤͣʹք
໘ͷোนߴ͕ܾ͞·ΔόʔσΟʔϯۃݶʹରԠ͢Δɽ࣮ࡍͷܥͰ͸ɼS஋͸γϣο
τΩʔۃݶͱόʔσΟʔϯۃݶͷؒͰมԽ͢Δɽ͜Ε·ͰɼϑΣϧϛ४Ґϐχϯά
ͷػߏ͓Αͼ൒ಋମͷछྨʹґଘͨ͠ S஋ͷมԽʹ͍ͭͯଟ͘ͷϞσϧ͕ఏҊ͞
Ε͖͕ͯͨɼͦͷ୅දతͳ΋ͷͱͯ͠ɼHeineʹΑͬͯఏҊ͞Εͨۚଐ༠ىΪϟο
ϓ४Ґ (Metal Induced Gap StateɿMIGS)͕͋Δ [54]ɽ͜ͷϞσϧ͸ɼۚଐ͕൒
ಋମͱ઀߹͢Δͱۚଐதͷిࢠͷ೾ಈؔ਺͕൒ಋମଆ΁છΈग़͢͜ͱͰ൒ಋମͷ
Ϊϟοϓதʹ४ҐΛܗ੒͠ɼ͜ͷ४ҐʹϑΣϧϛ४Ґ͕ϐχϯά͞ΕΔͱ͍͏΋ͷ
Ͱ͋Δɽ
͜ͷΑ͏ͳγϣοτΩʔোนߴ͞ͷଌఆʹ͸ɼ൒ಋମද໘্ʹे෼ʹް͍ۚଐບ
Λܗ੒ͨ͠ڊࢹతͳిྲྀ-ిѹ (I-V)ଌఆ΍ɼޫిࢠ෼ޫ๏ͳͲͷۭؒฏۉ͞Εͨ
৘ใʹجͮ͘΋ͷ͕ओͱͯ͠༻͍ΒΕΔɽ͔͠͠ͳ͕ΒɼݪࢠϨϕϧʹ·ͰඍࡉԽ
ͨۚ͠ଐిۃ΍ۚଐ഑ઢͱ൒ಋମք໘ʹରͯ͠ɼ͜Ε·ͰߦΘΕ͖ͯͨڊࢹతͳ
γϣοτΩʔোนʹର͢Δཧ࿦͕ɼͦͷ··ద༻Ͱ͖Δ͔͸ෆಁ໌Ͱ͋Γɼۚଐບ
͕ۃΊͯബ͍৔߹ʹ͓͚Δɼۚଐ/൒ಋମք໘ͷঢ়ଶΛݪࢠϨϕϧͰৄ͘͠ௐ΂Δ
ඞཁ͕͋ΔɽҎԼͰ͸ɼຊݚڀ͕ର৅ͱ͢Δ Feബບ/൒ಋମք໘ͷঢ়ଶΛɼSTM
Λ༻͍ͯݪࢠϨϕϧͰௐ΂ͨݚڀʹ͍ͭͯ঺հ͢Δɽ
ઌߦݚڀ III FeΫϥελʔ/GaAs(110)
FirstΒ͸ɼਅۭதͰႳ։ͨ͠GaAs(110)ද໘ʹFeΛৠண͠ɼද໘ʹܗ੒͞Εͨ
FeΫϥελʔͱͦͷपลͷج൘ද໘ΛؚΉྖҬͰඍ෼ίϯμΫλϯε (dI/dV)ͷ
2࣍ݩϚοϐϯάΛߦͳ͍ɼFeΫϥελʔपғͷج൘ද໘ʹ͓͍ͯɼόϯυΪϟο
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ϓதʹ४Ґ (Ϊϟοϓ४Ґ)͕ଘࡏ͢Δ͜ͱΛ໌Β͔ʹͨ͠ [55]ɽ͞ΒʹɼΪϟοϓ
४Ґͷిࢠঢ়ଶີ౓͸ɼΫϥελʔ͔Βͷڑ཭ʹґଘͯ͠ࢦ਺ؔ਺తʹݮਰ͠ɼͦ
ͷݮਰڑ཭͸ΤωϧΪʔ͕௿͍΄Ͳ୹͍͜ͱΛࣔͨ͠ɽਤ 1.16(A)͸+1.1 Vͷඇ
઎༗ঢ়ଶʹ͓͚Δ dI/dV૾Ͱ͋Δɽ͜ͷਤʹ͓͍ͯ੨৭ͷྖҬ͕ FeΫϥελʔɼ
ͦͷଞͷྖҬ͕ج൘ද໘Ͱ͋ΔɽFeΫϥελʔपғͰج൘ද໘ͷిࢠঢ়ଶ͕มԽ
͍ͯ͠Δ͜ͱ͕෼͔Δɽਤ 1.16(B)͸ (A)ͷ֤఺ ((a)-(e))Ͱऔಘͨ͠ I-VۂઢΛ
͍ࣔͯ͠Δɽ(b)-(e)ͷۂઢ͸GaAsج൘ද໘্Ͱଌఆͨ͠΋ͷͰ͋Δ͕ɼόϯυ
Ϊϟοϓதʹτϯωϧిྲྀ͕ೝΊΒΕɼΪϟοϓ४Ґ͕ଘࡏ͍ͯ͠Δ͜ͱ͕෼͔Δɽ
(B)(A)
(a)
(b)
(c)
(d)
(e)
(b)
(c)
(d)
ਤ 1.16: I-Vۂઢͷ FeΫϥελʔ͔Βͷڑ཭ґଘੑɽ(A)+1.1 Vͷ dI/dV૾ɽ(B) (A)ͷ
(a)ɼ(b)ɼ(c)ɼ(d)఺Ͱऔಘͨ͠ I-Vۂઢɽ
ਤ 1.17͸ਤ 1.16(A)ͷനઢʹԊͬͯऔಘͨ͠Ϊϟοϓ४Ґͷڑ཭ґଘੑΛࣔ͠
͍ͯΔɽΪϟοϓ४ҐͷΤωϧΪʔ͸ɼ܏͖͕࠷΋؇΍͔ͳʢݮਰڑ཭͕࠷΋௕
͍)+1.55 V͔Βɼ0.05 VࠁΈͰ+0.95 V·Ͱ͍ࣔͯ͠Δɽ
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ਤ 1.17: Ϊϟοϓ४Ґͷݮਰڑ཭ͷόΠΞεిѹґଘੑɽ
ઌߦݚڀ IV Feബບ/GaAs(110)
IﬄanderΒ͸ɼGaAs(110)ද໘্ʹ FeബບΛ࡞੡ͨ͠ࢼྉΛք໘ʹਨ௚ͳํ޲
ͰႳ։͠ɼFeബບͱGaAsͷڥք෇ۙʹ͓͍ͯ dI/dVͷ 2࣍ݩϚοϐϯάΛߦͬ
ͨ [56]ɽ͜ͷใࠂʹ͓͍ͯ΋ɼڥք෇ۙͷGaAsج൘ද໘Ͱ͸όϯυΪϟοϓதʹ
४Ґ͕ଘࡏ͠ɼͦͷ४Ґͷిࢠঢ়ଶີ౓͸ڥք͔Βͷڑ཭ʹґଘͯ͠ࢦ਺ؔ਺తʹ
ݮਰͨ͠ɽਤ 1.18(a)͸Fe/GaAs(110)ք໘ͷτϙάϥϑ૾Ͱ͋Γɼ(b)͸ (a)தʹ
੺ઢͰࣔͨ͠ք໘ʹରͯ͠ਨ௚ͳํ޲ʹԊͬͯऔಘͨ͠ STSεϖΫτϧΛ 2࣍ݩ
දࣔͨ͠΋ͷͰ͋Δɽ0 nm͕ Fe/GaAs(110)ք໘ҐஔΛ͓ࣔͯ͠ΓɼͦΕΑΓࠨ
ଆͷج൘ྖҬʹ͓͍ͯόϯυΪϟοϓதʹ४Ґ͕ଘࡏ͍ͯ͠Δ͜ͱ͕ݟͯऔΕΔɽ
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(b)(a)
ਤ 1.18: (a)Feബບ/GaAs(110)ͷ STM૾ɽ(b)(a)ͷ੺ઢʹԊͬͯऔಘͨ͠ STSεϖΫ
τϧͷ 2࣍ݩදࣔɽ
͜ΕΒͷ݁Ռ͸ɼFeΫϥελʔ (ബບ)/GaAs(110)ք໘ʹ͓͍ͯɼGaAs(110)ͷ
όϯυΪϟοϓதʹFeΫϥελʔ (ബບ)ͷۚଐతͳిࢠঢ়ଶͷ೾ಈؔ਺͕છΈग़
ͯ͠ɼΪϟοϓ४ҐΛܗ੒ͨͨ͠ΊͰ͋Δͱߟ͑ΒΕ͍ͯΔɽ͜ͷΑ͏ͳۚଐ/൒
ಋମք໘ʹ͓͍ͯ൒ಋମͷόϯυΪϟοϓதʹੜ͡Δ४Ґ͸ɼۚଐ༠ىΪϟοϓ४
Ґ (Metal Induced Gap StatesɿMIGS)ͱݺ͹ΕΔ (MIGSʹؔ͢Δৄࡉ͸෇࿥Λ
ࢀর)ɽ
MIGSͷܗ੒͸ɼ൒ಋମͷϑΣϧϛ४ҐΛϐχϯά͢Δػߏͱͯ͠༗ྗͳ΋ͷ
ͱ͞Ε͍ͯΔ͕ [57–61]ɼ͜ͷଞʹ΋ɼSpicerʹΑͬͯఏҊ͞Εͨܽؕ४ҐʹΑΔ
ϐχϯάػߏ [62]ͳͲɼϑΣϧϛ४Ґͷϐχϯάػߏʹ͸ɼ͜ͷଞʹ΋ෳ਺ͷϞ
σϧ͕ఏҊ͞Ε͍ͯΔ [63–67]ɽ
1.4.3 Fe/Siܥͷిࢠঢ়ଶଌఆ
Fe/SiܥͰ͸ɼ྆ऀͷ൓ԠʹΑͬͯܗ੒͞ΕΔγϦαΠυʹؔͯ͠΋ɼਫ਼ྗతʹ
ݚڀ͕ਐΊΒΕ͍ͯΔɽFeγϦαΠυ͸ɼ૊੒ൺ͓Αͼ݁থߏ଄͕ҟͳΔଟ༷ͳ
૬Λ༗͢Δ͜ͱ͕஌ΒΕ͍ͯΔ [68–75]ɽྫ͑͹൒ಋମ૬Λࣔ͢ β-FeSi2͸ɼόϯ
υΪϟοϓ෯͕ 0.8ʙ0.9 eVͰ͋Γ [76]ɼ͜ͷΪϟοϓ෯͸ޫϑΝΠόʔٵऩͷ࠷
௿ଛࣦ೾௕ʹ͍ۙ͜ͱ͔ΒɼΦϓτΤϨΫτϩχΫε෼໺΁ͷԠ༻͕ظ଴͞Εͯ
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͍Δɽ·ͨɼFe3Si͓ΑͼFe5Si3͸ڧ࣓ੑΛࣔ͢͜ͱ͔ΒɼεϐϯτϩχΫε෼໺
΁Ԡ༻͕ظ଴͞Ε͍ͯΔ [75, 77, 78]ɽ͜ͷΑ͏ʹɼFeγϦαΠυ͸૬ʹґଘͯ͠
ಛ௃తͳੑ࣭Λࣔ͢͜ͱ͔ΒɼͦΕΒΛར༻ͨ͠ SiϕʔεͷσόΠε։ൃ΁޲͚
ͨݚڀ͕੝ΜʹߦΘΕ͖ͯͨɽ
Siج൘ද໘্ʹFeγϦαΠυΛܗ੒͢Δ؆ศͳํ๏ͱͯ͠ɼݻ૬ΤϐλΩγϟϧ
੒௕ (solid phase epitaxyɿSPE)๏͕͋Δɽ͜Ε͸ɼSiج൘ද໘্΁FeΛ௿Թৠண
ޙɼՃ೤ʹΑͬͯछʑͷݻ૬ΛΤϐλΩγϟϧ੒௕ͤ͞Δํ๏Ͱ͋ΓɼFeͷৠணྔ
͓ΑͼՃ೤Թ౓ͳͲΛ੍ޚ͢Δ͜ͱͰ໨తͷݻ૬Λ࡞੡͢Δɽ͜Ε·Ͱʹɼ͜ͷख
๏ʹΑΓ࡞੡ͨ͠FeγϦαΠυͷిࢠঢ়ଶଌఆ͕ɼޫిࢠ෼ޫ๏ (β-FeSi2 [79–82]ɼ
Fe3Si [83–85]ɼFeSi [86–88])΍૸ࠪτϯωϧ෼ޫ๏ [89–92]Λ༻͍ͯߦΘΕ͍ͯΔɽ
ͦͷҰํͰɼݱࡏʹ͓͍ͯ΋ಉҰ৚݅Ͱ࡞੡ͨ͠ͱ͞ΕΔγϦαΠυ૬ͷಉఆʹ
ໃ६͕ੜ͡ɼ͠͹͠͹ٞ࿦ΛݺΜͰ͍Δɽ͜ͷΑ͏ͳໃ६͕ੜ͡ΔݪҼ͸ɼSiج
൘ද໘ͷॳظঢ়ଶ΍Feͷৠண଎౓ɼ͓ΑͼՃ೤աఔͳͲͱ͍ͬͨ࡞੡৚݅ͷΘͣ
͔ͳҧ͍͕ɼFeγϦαΠυͷॳظܗ੒ஈ֊ʹର͔ͯ͠ͳΓහײʹӨڹΛٴ΅ͯ͠
͍ΔͨΊͩͱߟ͑ΒΕ͍ͯΔɽ͜ͷͨΊɼFe/Siք໘ͷॳظܗ੒աఔΛղ໌͢Δ͜
ͱ͕ඞཁͱ͞Ε͍ͯΔɽ
͜Ε·ͰʹɼSiج൘ද໘্ʹܗ੒ͨ͠FeγϦαΠυͷిࢠঢ়ଶʹ͍ͭͯ͸ଟ͘
ͷݚڀ͕ใࠂ͞Ε͍ͯΔ΋ͷͷɼͦͷܗ੒աఔʹ͓͚Δిࢠঢ়ଶมԽ΍ɼSiج൘
ද໘্Ͱ੒௕ͨ͠७ਮͳFeബບͷిࢠঢ়ଶʹؔ͢Δݚڀ͸ະͩগͳ͘ɼಛʹບް
͕਺ݪࢠ૚ఔ౓ͷബ͍ྖҬΛର৅ͱͨ͠ݚڀྫ͸ɼۃΊͯগͳ͍ͷ͕ݱঢ়Ͱ͋Δɽ
͜Ε͸ɼৠணॳظஈ֊Ͱੜ͡Δෳࡶͳք໘൓Ԡ૚ͷಉఆ͕ࠔ೉ͳͨΊͰ͋Δɽྫ
͑͹ɼSi(111)-(7×7)͓Αͼ Si(100)-(2×1)ਗ਼ড়ද໘্ʹ FeΛৠணͨ͠৔߹ɼԽֶ
తʹ׆ੑͳ SiͷμϯάϦϯάϘϯυͱFeݪࢠ͕൓Ԡͯ͠ෳࡶͳߏ଄ͷ൓Ԡ૚Λܗ
੒͠ɼͦͷ൓Ԡ૚্෦ʹFeΫϥελʔΛܗ੒ͨ͠ޙʹɼFeΫϥελʔ಺෦΁ج൘
ͷ Siݪࢠ͕֦ࢄ͢Δͱ͍ͬͨաఔΛܦΔ͜ͱ͕ใࠂ͞Ε͍ͯΔ [31]ɽ
͜ͷΑ͏ͳ Fe/Siք໘ͰͷγϦαΠυԽΛ཈੍͠ɼߴ඼Ґͳ FeബບΛܗ੒͢Δ
ख๏ͷҰͭͱͯ͠ɼSiͷμϯάϦϯάϘϯυΛଞݩૉͰऴ୺͢Δํ๏͕ఏҊ͞Ε
͍ͯΔɽ
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1.5 ຊݚڀͷ໨త
͜͜·Ͱड़΂͖ͯͨΑ͏ʹɼFe͸ݪࢠ 1ͭ 1ͭͷ࣓࣋ͭؾϞʔϝϯτ͕ڧ͘ɼͦ
ΕΒͷ޲͖͕ଗͬͯࣗൃతʹ࣓ԽΛੜ͡Δڧ࣓ੑମͷ୅දతͳ෺࣭Ͱ͋ΓɼFeബ
ບͱ Siج൘Λ૊Έ߹ΘͤͨεϐϯτϩχΫεσόΠε͕஫໨͞Ε͍ͯΔɽ͜ͷσ
όΠεͷߴੑೳԽͷͨΊʹ͸ɼSiج൘ද໘্ʹ͓͚ΔFeͷ੒௕աఔ͓ΑͼɼFeബ
ບ/Siք໘ͷঢ়ଶΛݪࢠϨϕϧͰཧղ͢Δ͜ͱ͕ෆՄܽͰ͋Δɽ͔͠͠ͳ͕ΒɼSi
ج൘ද໘্ʹ FeബບΛ࡞੡͢ΔͱɼFeͱ Si͕൓Ԡ͠ෳࡶͳߏ଄ͷԽ߹෺͕ܗ੒
͞ΕΔͨΊʹɼFeബບͷ੒௕ॳظաఔ͓Αͼք໘ঢ়ଶΛݪࢠϨϕϧͰௐ΂ͨྫ͸
΄ͱΜͲଘࡏ͠ͳ͍ɽͦ͜ͰɼSi(111)ج൘ද໘ͷμϯάϦϯάϘϯυΛਫૉݪࢠ
ʹΑͬͯऴ୺͠ɼෆ׆ੑԽͤͨ͞ޙʹ FeΛৠண͢ΔͱɼFeͱ Siͷ൓Ԡ͕཈੍͞
ΕɼԽ߹෺૚Λܗ੒ͤͣʹɼVWܕͰ੒௕Λ͢Δ͜ͱ͕ใࠂ͞Ε͍ͯΔɽҰํͰɼ
ಉ͘͡ਫૉऴ୺ Si(111)ද໘্ʹFeΛৠண͢ΔͱɼFe͸ৠணॳظஈ֊͔Β Si(111)
ج൘಺෦ʹ৵ೖ͢Δͱͷใࠂ΋͋Δɽ͜ͷΑ͏ͳഎܠΛ౿·͑ɼຊݚڀͰ͸ɼҎ
Լͷ఺Λ໌Β͔ʹ͢Δ͜ͱΛ໨తͱͨ͠ɽ
1. ਫૉऴ୺ Si(111)-(1×1)ද໘্ʹ͓͚Δ Feͷ੒௕ॳظաఔ
2. ਫૉऴ୺ Si(111)-(1×1)ද໘্ʹܗ੒ͨ͠ FeΫϥελʔͷݪࢠϨϕϧͰͷ
ߏ଄
3. FeΫϥελʔ/ਫૉऴ୺ Si(111)-(1×1)ք໘ిࢠঢ়ଶ
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1.6 ຊݚڀͷҙٛ
Siج൘ද໘্ʹ͓͚ΔFeബບʹؔͯ͠͸ɼͦͷ੒௕աఔ΍݁থߏ଄ʹ͍ͭͯͷ
جૅతͳݚڀ͕ 1990೥୅ʹूதతʹߦΘΕͨɽݱࡏͰ΋ɼFe/Siܥ͸Feബບͷ࣓
ؾҟํੑ΍ɼFeബບ/Siج൘ք໘Ͱͷεϐϯ஫ೖͳͲͷɼ࣓ੑʹؔ࿈͢ΔτϐοΫ
Λத৺ʹɼ਺ଟ͘ͷݚڀऀ͕औΓ૊Ήڵຯਂ͍ݚڀςʔϚͰ͋Δɽ͔͠͠ͳ͕Βɼ
Feബບͷ੒௕աఔ΍݁থߏ଄ʹؔ͢Δैདྷͷ஌ݟͷΈͰ͸ɼݪࢠϨϕϧͰͷཧղ
͔Β͸΄Ͳԕ͍ɽ͜Ε͸ɼFeͱ Siͱͷߴ͍൓Ԡੑ΍ܗ੒͞ΕΔԽ߹෺ͷෳࡶͳߏ
଄ͷͨΊʹɼͦΕΒͷߏ଄Λಉఆ͢Δ͜ͱ΍ɼిࢠঢ়ଶΛߏ଄ͱରԠ͚ͮͯධՁ
͢Δ͜ͱ͕ࠔ೉ͳͨΊͰ͋Δɽͦ͜ͰɼSiج൘ද໘Λਫૉऴ୺Խ͢Δ͜ͱͰFeͱ
Siͷ൓ԠΛ཈੍͢ΔࢼΈ΋ߦΘΕ͍ͯΔɽ͔͠͠ͳ͕Βɼܽؕ΍ෆ७෺ͷগͳ͍
ߴ඼Ґͳਫૉऴ୺ Siج൘Λ࡞੡͢Δ͜ͱ͕೉͘͠ɼ͜Ε·ͰߦͳΘΕ͖ͯͨFeബ
ບ/ਫૉऴ୺ Siʹؔ͢ΔݚڀͰ͸ɼݪࢠϨϕϧͰͷཧղ͸ಘΒΕ͍ͯͳ͍ͷ͕ݱঢ়
Ͱ͋Δɽ
͜Εʹର͠ɼຊݚڀͰ͸ɼܽ ؕ΍ෆ७෺͕ඇৗʹগͳ͍ߴ඼Ґͳਫૉऴ୺Si(111)-
(1×1)ද໘ͷ࡞੡ํ๏Λ։ൃ͠ɼ͜ͷද໘Λ༻͍ͯɼFeബບͷ੒௕աఔ΍݁থߏ
଄ɼ͓Αͼ Feബບ/H:Si(111)ք໘ঢ়ଶΛ STM/STSΛ༻͍ͯଌఆͨ͜͠ͱʹΑͬ
ͯɼैདྷ͜ͷܥʹ͓͍ͯࠔ೉ͱ͞Ε͖ͯͨɼݪࢠϨϕϧͰͷ෺ཧݱ৅ͷ؍࡯͕Մ
ೳͱͳͬͨɽ
͜Ε·ͰʹH:Si(111)ද໘্ʹ͓͚Δ Feͷ੒௕աఔΛ࣮ۭؒ؍࡯ͨ͠ྫ͸ 1݅
ใࠂ͞Ε͍ͯΔ͕ [50]ɼͦͷ੒௕༷ࣜ (VWܕ੒௕)ʹݴٴ͢ΔͷΈͰ͋ͬͨɽ͜
Εʹରͯ͠ຊݚڀͰ͸ɼFeͷৠண଎౓͓ΑͼৠணྔΛมԽͤͯ͞ɼͦͷ੒௕Λɼ
͘͝ॳظஈ֊͔ΒݪࢠϨϕϧͷۭؒ෼ղೳͰৄࡉʹ࣮ۭؒ؍࡯ͨ͠ɽ͜ΕʹΑΓɼ
H:Si(111)ද໘্ʹ͓͚Δ Feݪࢠͷ੒௕ػߏΛղ໌͠ɼද໘֦ࢄ܎਺ɼද໘֦ࢄ
ΤωϧΪʔΛಘΔ͜ͱ͕Ͱ͖ͨɽ͜ΕΒͷ݁Ռ͸ɼجૅݚڀͷΈͳΒͣɼFeബບ
ͱ Siج൘Λ૊Έ߹ΘͤͨσόΠε։ൃʹ΋ߩݙ͢Δ΋ͷͰ͋Δɽ
H:Si(111)ද໘্ʹ͓͍ͯ Feബບ͸ɼbccߏ଄ͷ (111)഑޲ͰΤϐλΩγϟϧ੒
௕͢Δ͜ͱ͕Xઢճં๏͓Αͼಁաిࢠճં๏ʹΑͬͯใࠂ͞Ε͍ͯͨɽ͜Ε͸ɼ
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bccߏ଄ͷ Fe(111)໘ͱ Si(111)ද໘ͷ֨ࢠෆ੔߹͕খ͍ͨ͞Ίͩͱཧղ͞Ε͍ͯ
Δ͕ɼෆ҆ఆͳ bcc(111)໘͕ɼ੒௕தͲͷΑ͏ͳঢ়ଶʹ͋Δͷ͔͸ɼશ͘෼͔ͬ
͍ͯͳ͔ͬͨɽຊݚڀͰ͸ɼH:Si(111)ද໘্Ͱ੒௕͢ΔFeΫϥελʔͷॳظஈ֊
ͷߏ଄Λݪࢠ෼ղೳͰ STM؍࡯͠ɼH:Si(111)ද໘্ʹ͓͍ͯ Fe͕ (111)഑޲Ͱ
੒௕͢ΔػߏΛ໌Β͔ʹͨ͠ɽ͜ͷ݁Ռ͸ຊܥͷΈͳΒͣɼbccߏ଄ΛͱΔബບͷ
ΤϐλΩγϟϧ੒௕ʹରͯ͠Ұൠతʹద༻͢Δ͜ͱ͕ՄೳͰ͋Δͱߟ͍͑ͯΔɽ
ۚଐ/൒ಋମք໘ͷঢ়ଶΛ STM/STSΛ༻͍ͯݪࢠϨϕϧͰௐ΂ͨݚڀྫ͸ඇৗ
ʹগͳ͘ɼFe/Siք໘ͷঢ়ଶΛ STM/STSʹΑͬͯௐ΂ͨݚڀྫ͸ใࠂ͞Ε͍ͯͳ
͍ɽ͔͠͠ͳ͕Βɼ࠷ۙ஫໨͞Ε͍ͯΔεϐϯτϩχΫεσόΠε΁ͷԠ༻ͷ؍
఺͔Β΋ɼγϣοτΩʔোนͷܗ੒ػߏͳͲͷք໘ঢ়ଶΛݪࢠϨϕϧͰৄ͘͠ௐ΂
Δ͜ͱ͸ෆՄܽͰ͋ΔɽຊݚڀͰ͸ɼSTM/STSΛ༻͍ͨߴ͍ۭؒ෼ղೳͰք໘ঢ়
ଶΛௐ΂ͨɽ͜ͷ݁Ռ͸ɼFe/Siք໘ʹ͓͚ΔγϣοτΩʔোนͷ੒Γཱͪͷཧղ
ʹରͯ͠େ͖͘ߩݙ͢Δ΋ͷͰ͋Δɽ

39
ୈ2ষ ࣮ݧํ๏
2.1 ࣮ݧݪཧ
2.1.1 ૸ࠪτϯωϧݦඍڸ (Scaning Tunneling Microscopyɿ
STM)ͷಈ࡞ݪཧ
STM͸ɼݻମද໘ͷԜತΛݪࢠ෼ղೳͰ 3࣍ݩతʹ࣮ۭؒ؍࡯͢Δ͜ͱ͕Ͱ͖
ΔݦඍڸͰ͋ΔɽSTMͰ͸ݪࢠϨϕϧͰӶརͳۚଐ୳਑Λࢼྉද໘͔Β 1 nmఔ
౓ͷڑ཭ʹ·Ͱ͚ۙͮɼόΠΞεిѹΛҹՃͨ࣌͠ʹੜ͡ΔτϯωϧిྲྀΛݕग़
৴߸ͱͯ͠༻͍͍ͯΔɽ͜ͷτϯωϧిྲྀ͸ɼ୳਑-ࢼྉؒڑ཭ʹରͯ͠ඇৗʹහ
ײʹมԽ͠ɼͦͷڑ཭͕ 1A˚খ͘͞ͳΔͱτϯωϧిྲྀ͸ɼ͓Αͦ 1ܻେ͖͘ͳΔɽ
ͦͷͨΊɼτϯωϧిྲྀ͕ҰఆͱͳΔΑ͏ʹ୳਑-ࢼྉؒڑ཭Λ੍ޚ͠ͳ͕Β୳਑
Λࢼྉද໘্Ͱ૸ࠪ͢Δ͜ͱͰɼࢼྉද໘্ͷԜತΛݪࢠϨϕϧͷ෼ղೳͰͳͧ
Δ͜ͱ͕ՄೳͱͳΔɽ
͜ͷΑ͏ͳߴ͍ਫ਼౓Ͱ୳਑ҐஔΛ੍ޚ͢Δͷʹ͸ɼѹిૉࢠ (ϐΤκૉࢠ)ʹΑ
Δ 3࣍ݩεΩϟφ͕༻͍ΒΕ͍ͯΔɽѹిૉࢠ͸ɼҹՃ͢Δిѹʹൺྫͯ͠৳ͼ
ॖΈ͢Δ෺࣭ (ྫ͑͹ɼνλϯࢎδϧίϯࢎԖɿPZT)ͰͰ͖͓ͯΓɼਤ 2.1ʹࣔ
ͨ͠ STMʹҰൠతʹ༻͍ΒΕ͍ͯΔԁ౵ܗܕͷѹిૉࢠͰ͸ɼ1nm/Vఔ౓Ͱ৳
ॖ͢Δɽ͜ͷૉࢠΛ༻͍ͯ୳਑ΛX,Yํ޲ʹ૸ࠪ͠ͳ͕ΒɼτϯωϧిྲྀΛҰఆ
ʹอͭΑ͏ʹ Zํ޲ͷѹిૉࢠʹՃ͑ͨిѹΛը૾Խ͢Δ͜ͱͰɼࢼྉද໘ͷԜ
ತߏ଄ΛՄࢹԽ͢Δ͜ͱ͕Ͱ͖Δɽ
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X+
X-
Y+
Y-
Z Feedback 
Control
ComputerXY Scan Control
Tunneling Current
Pre-amp
Set Current
Z-Value
Vz(X,Y)
ਤ 2.1: STM੍ޚγεςϜͷ໛ࣜਤɽ
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2.1.2 STMͷཧ࿦
STMͰ͸ɼࢼྉද໘ͷزԿֶతͳԜತܗঢ়Λ؍࡯͍ͯ͠ΔΘ͚Ͱ͸ͳ͍ɽ୳਑-
ࢼྉؒΛྲྀΕΔτϯωϧిྲྀͷେ͖͞͸ɼࢼྉද໘ͷిࢠঢ়ଶີ౓Λ൓ө͓ͯ͠
Γɼਖ਼֬ʹ͸ɼSTMͰ͸ࢼྉද໘ͷిࢠঢ়ଶີ౓෼෍Λ؍࡯͍ͯ͠Δɽࢼྉද໘
ͷిࢠঢ়ଶ͸ɼߏ੒͞ΕΔද໘ݪࢠͷ഑ྻʹΑܾͬͯ·͍ͬͯΔͨΊɼSTM؍࡯
ͰಘΒΕ͍ͨΘΏΔʠݪࢠ૾ʡ͸ɼࢼྉͷද໘ݪࢠ഑ྻΛڧ͘൓өͨ͠΋ͷʹͳͬ
͍ͯΔ͜ͱ͕ଟ͍ɽ͔͠͠ͳ͕ΒɼSTM؍࡯ͰಘΒΕͨݪࢠ૾ͱɼ࣮ࡍͷࢼྉͷ
ද໘ݪࢠ഑ྻͱ͕ҟͳΔ͜ͱ΋ଟ͍ɽैͬͯɼSTM؍࡯ͰಘΒΕͨݪࢠ૾͕ԿΛ
ҙຯ͍ͯ͠Δͷ͔Λཧղ͢ΔͨΊʹ͸ɼτϯωϧిྲྀͱͦͷେ͖͞ΛܾΊ͍ͯΔ
ࢼྉද໘ͷిࢠঢ়ଶີ౓ͱͷؔ܎Λཧղ͢Δඞཁ͕͋Δɽͦ͜Ͱ͜͜Ͱ͸ɼ·ͣ
࢝ΊʹɼτϯωϧޮՌΛ؆୯ͳ 1࣍ݩͰߟ͑ɼͦͷޙɼ࣮ࡍͷ STM؍࡯ʹ͓͚Δ
τϯωϧిྲྀͱࢼྉද໘ͷిࢠঢ়ଶີ౓ͱͷؔ܎Λಋ͖ɼ࠷ऴతʹ STM؍࡯Ͱಘ
ΒΕͨݪࢠ૾͕ԿΛҙຯ͍ͯ͠Δ͔Λࣔ͢ɽ
1࣍ݩۣܗϙςϯγϟϧোนͷτϯωϧաఔ
ਤ 2.2ʹࣔ͢ 1࣍ݩۣܗϙςϯγϟϧʹ͓͚Δిࢠͷτϯωϧݱ৅ʹ͍ͭͯߟ͑
ΔɽΤωϧΪʔ V0ɼ෯ aͷϙςϯγϟϧোนʹରͯ͠ɼΤωϧΪʔE(E < V0)ɼ࣭
ྔmͷిࢠ͕ྖҬ 1͔Βೖࣹ͢Δͱ͖ɼ֤ྖҬͷ࣌ؒʹґଘ͠ͳ͍γϡϨσΟϯ
Ψʔํఔࣜͱ೾ಈؔ਺ ψi(i = 1, 2, 3)͸࣍ͷΑ͏ʹॻ͚Δɽ
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᪸؏1 ᪸؏2 ᪸؏3
V0
λݧඬ
E
Ӓݧඬ
ᩓ܇
0 a
z
Ỻ἟ἽἀὊ
ἯἘὅἉἵἽ
ᨦُ
ᡢᢅඬ
E
ਤ 2.2: ۣܗϙςϯγϟϧোนʹ͓͚ΔτϯωϧޮՌɽ
ྖҬ 1
− !
2
2m
d2ψ1
dz2
= Eψ1
ψ1 = A1e
ikz + A2e
−ikz (2.1)
ྖҬ 2
− !
2
2m
d2ψ2
dz2
+ V0ψ2 = Eψ2
ψ2 = A
′
3e
ik′z + A′4e
−ik′z = A3eκ + A4e−κz (2.2)
ྖҬ 3
− !
2
2m
d2ψ3
dz2
= Eψ3
ψ3 = A5e
ikz (2.3)
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ͨͩ͠ɼk2 = 2mE!2 ɼκ
2 = −k′2 = 2m(V0−E)!2 Ͱ͋Γɼ!͸ϓϥϯΫఆ਺Ͱ͋ΔɽྖҬ
1ͱྖҬ 3Ͱ͸ిࢠͷ೾਺ k = ±1!
√
2m(V0 − E)͸࣮਺Ͱ͋ΓɼৼಈղΛಘΔɽྖ
Ҭ 2Ͱ͸೾਺͸ڏ਺ͱͳΓݮਰղΛಘΔɽ͜ͷͱ͖ɼোนʹೖࣹ͢Δిࢠͱಁա
ͨ͠ిࢠͷ೾ಈؔ਺ͷৼ෯ͷൺΛτϯωϧ֬཰Tͱͯ͠ߟ͑Δ͜ͱ͕Ͱ͖Δɽͭ
·Γɼ
T =
|A5|2
|A1|2 (2.4)
Ͱ͋Δɽ೾ಈؔ਺͸ཻࢠͷ࠲ඪʹؔ͢ΔͳΊΒ͔ͳ࿈ଓؔ਺Ͱͳ͚Ε͹ͳΒͳ͍ɼ
ͱ͍͏ཁ੥͔Βτϯωϧ֬཰T͸Z = 0, aʹ͓͍ͯɼ
ψ1(0) = ψ2(0)ɼ
dψ1(0)
dz
=
dψ2(0)
dz
ɼψ2(a) = ψ3(a)ɼ
dψ2(a)
dz
=
dψ3(a)
dz
ͱ͍͏৚͔݅ΒٻΊΒΕΔɽ࠷ऴతʹτϯωϧ֬཰T͸ɼ
T =
1
1 + k
2+κ2
4k2κ2 sinh
2(κz)
(2.5)
ͱͳΔɽͨͩ͠ɼsinh κz = (eκz − e−κz)/2Λ༻͍ͨɽোนதͷ೾ಈؔ਺ͷݮਰ௕
͕োนͷ෯ʹൺ΂ͯे෼খ͍͞ͱ͖ (κa≫ 1)ɼτϯωϧ֬཰T͸ɼ
T ≈ 16k
2κ2
(k2 + κ2)2
exp
(
−2
√
2m(V0 − E)
! z
)
(2.6)
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ͱۙࣅͰ͖ΔɽSTM؍࡯ʹ͓͍ͯτϯωϧిྲྀ͸τϯωϧ֬཰Tʹൺྫ͢ΔͨΊɼ
ࣜ (2.6)ΑΓɼτϯωϧిྲྀ͸୳਑-ࢼྉද໘ؒڑ཭ʹରͯ͠ࢦ਺ؔ਺తʹมԽ͢
Δ͜ͱ͕ཧղͰ͖Δɽ
Bardeenͷઁಈ࿦ʹΑΔτϯωϧిྲྀ
લड़ͨ͠ 1࣍ݩͷۣܗϙςϯγϟϧোนͷ৔߹ʹ͓͍ͯτϯωϧ֬཰ΛٻΊͨ
ํ๏͸ɼwave-matching๏ͱݺ͹ΕΔɽ͜ͷํ๏Λ࣮ࡍͷ STM؍࡯ʹ͓͚Δ 3࣍
ݩͷܥʹରͯ͠ద༻͠τϯωϧ֬཰ΛٻΊΔ͜ͱ͸ۃΊͯ೉͍͠໰୊Ͱ͋Δɽ͜
ͷ໰୊ʹରͯ͠ Bardeen͸ɼ࣌ؒʹґଘͨ͠γϡϨσΟϯΨʔํఔࣜʹΑΔઁಈ
࿦Λ༻͍ͯɼτϯωϧిྲྀͷۙࣅΛߦͬͨ (ભҠϋϛϧτχΞϯۙࣅ) [93]ɽ͜͜
Ͱ͸ɼBardeenʹΑͬͯಋ͔Εͨτϯωϧిྲྀʹ͍ͭͯઆ໌͢Δɽ
લड़ͨ͠τϯωϧ֬཰ͷܭࢉͰ͸ɼܥશମͷϙςϯγϟϧʹ͍ͭͯిࢠͷ೾ಈ
ؔ਺Λߟ͑ͨɽͭ·Γɼೖࣹͨ͠ిࢠͷΤωϧΪʔ͕มԽ͢Ε͹ɼτϯωϧোน
Λಁաͨ͠ޙͷిࢠͷ֬཰ৼ෯͕มԽ͢Δ͜ͱΛҙຯ͍ͯ͠Δɽ͜͜Ͱɼ࣮ࡍͷ
STM؍࡯ʹ͓͚ΔܥʹରԠ͢ΔΑ͏ʹɼਤ 2.2ʹࣔͨ͠ྖҬ 1Λ୳਑ɼྖҬ 2Λ
ਅۭɼྖҬ 3Λࢼྉͱͯ͠ߟ͑Δͱɼϙςϯγϟϧোนͱిࢠͷ೾ಈؔ਺͸ਤ 2.3
ͷΑ͏ʹද͢͜ͱ͕Ͱ͖ɼ͜ͷ࣌ɼ྘ͷઢͰࣔ͢Α͏ʹɼ୳਑͔Β͜ͷোนʹೖ
ࣹͨ͠ిࢠͷ೾ಈؔ਺͸োน಺Ͱࢦ਺ؔ਺తʹݮਰ͠ɼલड़ͨ͠τϯωϧ֬཰ʹ
ैͬͯ͜ͷϙςϯγϟϧোนΛಁա͢Δɽ
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੕ᤆ Ⴧᆰ ᚾ૰
0 a
z
Ỻ἟ἽἀὊ
ἯἘὅἉἵἽ
ᨦُ
EF
EF
ኽ୒ԗ஖
ἯἘὅἉἵἽ
ἢỶỴἋᩓןඬѣ᧙ૠᴾψ
Vt
Vs
ਤ 2.3: 1࣍ݩʹ͓͚Δ STMτϯωϧ઀߹ͷϙςϯγϟϧμΠΞάϥϜͱ୳਑͔Βࢼྉ΁
τϯωϧ͢Δిࢠͷ೾ಈؔ਺ɽ
࣮ࡍͷ STM؍࡯Ͱ͸ɼ୳਑಺෦͓Αͼࢼྉ಺෦ͷ݁থʹΑΔपظతϙςϯγϟ
ϧ͸ɼͦͷपظ͓Αͼେ͖͞͸྆ऀͰҟͳΓɼਅۭϙςϯγϟϧোนͷܗঢ়͸ڸ
૾ϙςϯγϟϧʹΑͬͯมܗ͍ͯ͠Δɽ͞Βʹɼ୳਑-ࢼྉؒʹ͸όΠΞεిѹ͕
ҹՃ͞Ε͍ͯΔͨΊɼ྆ऀͷϑΣϧϛ४Ґʹ͸ζϨ͕ੜ͍ͯ͡ΔɽBardeen͸͜
ͷΑ͏ͳ࣮ࡍͷܥʹରͯ͠ɼਤ 2.4(a)ʹࣔ͢Α͏ʹ୳਑ͱࢼྉΛผʑͷݽཱͨ͠
ܥͱͯ͠೾ಈؔ਺ͱϙςϯγϟϧোนΛద༻ͨ͠ɽ͜͜Ͱɼ୳਑ͷ೾ಈؔ਺Λψtɼ
ϙςϯγϟϧোนΛ Vtͱ͢Δɽࢼྉද໘ͷ೾ಈؔ਺ΛψsɼϙςϯγϟϧোนΛ Vs
ͱ͢Δɽͦͯ͠ਤ 2.4(b)ʹࣔͨ͠Α͏ʹɼ྆ऀ͕͍ۙͮͯ೾ಈؔ਺͕ॏͳͬͨͱ
͖ʹɼ࣌ؒʹґଘͨ͠ઁಈ࿦ͰදΘͨ͠୳਑-ࢼྉؒͷిࢠͷભҠ֬཰Λ༻͍ͯτ
ϯωϧిྲྀΛهड़ͨ͠ɽ
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ඬѣ᧙ૠᴾψs
੕ᤆ ᚾ૰
0
EF
ඬѣ᧙ૠᴾψt
ኽ୒ԗ஖
ἯἘὅἉἵἽ
ᚾ૰ᚾ૰
0
EF
ኽ୒ԗ஖
ἯἘὅἉἵἽ
Ⴧᆰ
(a)
(b)
Vt Vs
੕ᤆ ᚾ૰
0
EF
ඬѣ᧙ૠ
ኽ୒ԗ஖
ἯἘὅἉἵἽ
ᚾ૰ᚾ૰
a
EF
ඬѣ᧙ૠ
ኽ୒ԗ஖
ἯἘὅἉἵἽ
ਤ 2.4: 1࣍ݩͷ Bardeenτϯωϧཧ࿦ɽ(a)୳਑-ࢼྉؒڑ཭͕े෼཭Εͨঢ়ଶͰͷਅۭ
ϙςϯγϟϧͱ೾ಈؔ਺ɽ྆ऀͷ೾ಈؔ਺͸ਅۭதͰݮਰ͢Δɽ(b)୳਑-ࢼྉؒڑ཭͕े
෼͍ۙͮͨঢ়ଶͰͷਅۭϙςϯγϟϧͱ೾ಈؔ਺ɽ྆ऀͷ೾ಈؔ਺͸ॏͳΓ߹͏ɽ
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ਤ 2.4(a)ͷಠཱͨ͠ܥʹର͢ΔγϡϨσΟϯΨʔํఔࣜ͸ͦΕͧΕɼ
[
− !
2
2m
∇2 + Vt
]
ψt = Etψt[
− !
2
2m
∇2 + Vs
]
ψs = Esψs
(2.7)
ͱͳΔɽిࢠ͕ࠨଆͷঢ়ଶ ψt͔Βӈଆͷঢ়ଶ ψs΁ભҠ͢Δ͜ͱΛߟ͑ɼͦͷ֬
཰Λ࣌ؒʹґଘ͢Δઁಈ࿦Λ༻͍ͯऔΓѻ͏ɽਤ 2.3ͷܥʹ͓͚Δมܗͨ͠ϙςϯ
γϟϧΛฏୱͳϙςϯγϟϧΛ༻͍ͯۙࣅ͢ΔͱɼγϡϨσΟϯΨʔํఔࣜ͸ɼ
i!∂ψ
∂t
=
[
− !
2
2m
∇2 + Vt + Vs
]
ψ (2.8)
ͱͳΔɽ࣌ࠁ t=0ʹ͓͍ͯψ(0) = ψtͷঢ়ଶʹઁಈΛՃ͑ͨͱ͖ɼ࣌ࠁ tͰͷঢ়ଶ
͸ɼ
ψ(t) = ψt exp(−iEtt/!) +
∑
s
cs(t)ψs exp(−iEst/!) (2.9)
ͱͳΔɽ͜͜ͰɼCs(0) = 0Ͱ͋Δɽࣜ (2.8)ʹࣜ (2.9)ࣜΛ୅ೖ͢Δͱɼ
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Etψt exp(−iEtt/!) + i!
∑
s
dcs
dt
(t)ψs exp(−iEst/!) + Es
∑
s
cs(t)ψs exp(−iEst/!)
=
[
− !
2
2m
∇2 + Vt + Vs
](
ψt exp(−iEtt/!) +
∑
s
cs(t)ψs exp(−iEst/!)
)
(2.10)
ͱͳΔɽࣜ (2.7)ʹΑͬͯ੔ཧ͢Ε͹ɼ
i!
∑
s
dcs(t)
dt
ψs exp(−iEst/!) = Vsψt exp(−iEtt/!) + Vt
∑
s
cs(t)ψs exp(−iEst/!)
(2.11)
ͱͳΔɽਤ 2.4(a)ΑΓࢼྉଆͷྖҬͰ͸ Vt͸ 0ͱۙࣅͰ͖ΔͷͰɼࣜ (2.11)ͷӈ
ล͸ਤ 2.4(a)ӈଆͷྖҬͷΈͰࠨଆ͔Β ψs∗Λ͔͚ͯੵ෼͢Ε͹ɼ
i!dcs(t)
dt
=
∫
Ωs
ψtVsψs
∗dr · e−i(Et−Es)t/! (2.12)
ͱͳΔɽ͜͜ͰΩs͸ࢼྉଆʹ͓͚Δମੵੵ෼Ͱ͋Δ͜ͱΛ͍ࣔͯ͠Δɽ
ݽཱͨ͠୳਑ͱࢼྉͱͷؒͰͷిࢠͷભҠ֬཰ΛදΘ͢τϯωϧߦྻཁૉMts
͸࣍ͷΑ͏ʹఆٛ͢Δ.
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Mts ≡
∫
Ωs
ψtVsψs
∗dr
=
∫
Ωs
ψt
(
Es +
!2
2m
∇2
)
ψs
∗dr
=
∫
Ωs
(
ψs
∗Etψt + ψt
!2
2m
∇2ψs∗
)
dr
=
∫
Ωs
− !
2
2m
(ψs
∗∇2ψt − ψt∇2ψs∗)dr
=
∫
∑− !
2
2m
(ψs
∗∇ψt − ψt∇ψs∗)dS (2.13)
ͨͩ͠ɼࣜ (2.7)ͱάϦʔϯͷఆཧ
∫
V
(
u∇2v − v∇2u) dV = ∮ (u∇v − v∇u) dS (2.14)
Λ༻͍ͯɼτϯωϧߦྻཁૉΛମੵ෼͔Β໘ੵ෼ʹม׵ͨ͠ɽࣜ (2.13)ͷׅހ಺
ͷ஋͸ిྲྀີ౓Ͱ͋Γɼ͜ͷࣜ͸ɼϙςϯγϟϧোนதͷ೚ҙʹઃఆͨ͠ดۂ໘
SΛ௨ա͢Δిྲྀີ౓Λ͜ͷดۂ໘ Sʹରͯ͠ੵ෼͢Δ͜ͱΛҙຯ͍ͯ͠ΔɽMst
΋ಉ༷ʹಘΒΕͯɼ
Mst =
∫
Ωt
ψsVTψt
∗dr
=
∫
∑− !
2
2m
(ψt
∗∇ψs − ψs∇ψt∗)dS
=−Mts∗ (2.15)
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ͱͳΔɽࣜ (2.12)Λ࣌ؒʹ͍ͭͯ 0͔Β t·Ͱੵ෼͢Ε͹ɼ
cs(t) = Mts
e−i(Et−Es)t/! − 1
Et − Es (2.16)
ͱͳΔɽ࣌ؒ tͷؒʹిࢠͷঢ়ଶ͕ t→ s΁ભҠ͢Δ֬཰ pts(t)͸ɼ
pts(t) ≡ |cs(t)|2 =|Mts|2Dt(∆E)
Dt(∆E) =
4 sin(∆E2 t/!)
(∆E)2
(2.17)
ͱͳΔɽ͜͜Ͱɼ−2π!/t < ∆E < 2π!ͷ۠ؒʹ͓͍ͯ Dt(∆E)Λੵ෼͢Δͱɼ∫
dxDt(∆x) = 2πt/!ͱͳΔɽैͬͯɼ
δt(∆E) ≡ !
2πt
Dt(∆E) (2.18)
ͱఆٛ͢Ε͹ɼt→∞Ͱ͸ࣜ (2.18)͸σϧλؔ਺ͱͳΔͷͰɼࣜ (2.17)ΑΓɼ
PTS ≡ pts(t)/t = 2π! |Mts|
2δt(Et − Es) (2.19)
͕ಘΒΕΔɽࣜ (2.19)͸ϑΣϧϛͷԫۚ཯Ͱ͋Δɽࣜ (2.19)ʹࣔͨ͠τϯωϧߦ
ྻཁૉ͸ɼిࢠ͕୳਑ͷ͋Δঢ়ଶ ψt(ΤωϧΪʔEt)͔Βࢼྉͷ͋Δঢ়ଶ ψs(Τω
ϧΪʔ Es)΁ભҠ͢Δ࣌ͷτϯωϧߦྻཁૉMtsΛදΘ͓ͯ͠ΓɼͦͷભҠ֬཰
͕ |Mts|2Ͱ͋Δɽैͬͯɼ୳਑ʹ͓͍ͯΤωϧΪʔEtͷిࢠ͕ɼࢼྉʹ͓͍ͯΤ
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ωϧΪʔEsʹભҠ͢Δ֬཰͸ɼEt = EsͱͳΔ tɼsͷશͯͷ૊Έ߹Θͤʹ͍ͭͯ
|Mts|2Λ଍͠߹ΘͤΕ͹Α͍͜ͱ͔Βɼ
∑
t,s
|Mts|2δ(Et − Es) (2.20)
ͱͳΔɽ͜͜Ͱɼσϧλؔ਺ δ(Et − Es)͸ɼ
δ(Et − Es) =
⎧⎨⎩ 1 t = s0 t ̸= s (2.21)
ͱఆٛ͞ΕΔ཭ࢄతͳؔ਺Ͱ͋Δɽ࣮ࡍͷిࢠͷભҠΛߟ͑ΔͨΊʹPauliͷഉଞ
ݪཧΛߟྀ͢Δͱɼ୳਑ͷిࢠ͕ঢ়ଶ ψt(ΤωϧΪʔEt)͔Βࢼྉͷঢ়ଶ ψs(Τω
ϧΪʔEs)΁ભҠ͢ΔͨΊʹ͸ɼঢ়ଶψt͕઎༗͞Ε͍ͯͯɼ͔ͭঢ়ଶψs͕ඇ઎༗
ঢ়ଶͰͳ͚Ε͹ͳΒͳ͍ɽैͬͯɼભҠ֬཰͸ɼ
∑
t,s
|Mts|2δ(Et − Es)f(Et)[1− f(Es + eV )] (2.22)
ͱͳΔɽ͜͜Ͱɼf(E) = (1 + exp[(E − EF )/kBT ])−1͸ϑΣϧϛ෼෍ؔ਺Ͱ͋Δɽ
V͸ STM؍࡯ʹ͓͚ΔόΠΞεిѹͰ͋Δɽ
ಉ༷ʹߟ͑ΔͱɼભҠͷٯաఔͰ͋Δɼࢼྉʹ͓͍ͯΤωϧΪʔ Esͷిࢠ͕ɼ
୳਑ʹ͓͍ͯΤωϧΪʔEtʹભҠ͢Δ֬཰͸ɼ
∑
t,s
|Mst|2δ(Et − Es)f(Es)[1− f(Et + eV )] (2.23)
ͱͳΔɽैͬͯɼ୳਑͔Βࢼྉ΁ͷਖ਼ຯͷભҠ֬཰͸ɼࣜ (2.22)ͱࣜ (2.23)ͷࠩ
Ͱ͋Δ͜ͱ͔Βɼ
∑
t,s
|Mts|2δ(Et − Es) {f(Et)[1− f(Es + eV )]− [1− f(Et)]f(Es + eV )} (2.24)
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ͱͳΔɽͨ ͩ͠ɼMts͸ΤϧϛʔτߦྻͰ͋Δ͜ͱ͔ΒɼMts = Mst∗ΑΓɼ|Mts|2 =
|Mst|2Λ༻͍ͨɽैͬͯɼ͋Δ 1ͭͷঢ়ଶʹ 2ݸͷిࢠ͕ೖΔ͜ͱΛߟྀ͢Ε͹ɼ
શτϯωϧిྲྀ͸ɼ
I =
4πe
!
∑
t,s
|Mts|2δ(Et − Es) {f(Et)[1− f(Es + eV )]− [1− f(Et)]f(Es + eV )}
(2.25)
ͱͳΔɽࣜ (2.25)͸BardeenʹΑΔτϯωϧిྲྀͷࣜ [93]Ͱ͋Δɽ
Tersoﬀ-Hamannཧ࿦ʹΑΔτϯωϧిྲྀ
τϯωϧిྲྀΛܭࢉ͢ΔͨΊͷτϯωϧߦྻཁૉΛɼBardeen͕ࣔͨࣜ͠ (2.13)
͔ΒٻΊΔͨΊʹ͸ɼ୳਑͓Αͼࢼྉද໘ͷ࣮ࡍͷ೾ಈؔ਺Ͱ͋Δψtɼψs͕ඞཁ
Ͱ͋Δ͕ɼҰൠతʹ͸୳਑ͷݪࢠߏ଄͸໌Β͔Ͱ͸ͳ͘ɼ࣮ݧతͳํ๏Ͱܾఆ͢
Δ͜ͱ΋ࠔ೉Ͱ͋ΔɽैͬͯɼBardeenͷࣜΛ༻͍ͯτϯωϧిྲྀΛܭࢉ͢Δʹ
͸ɼ୳਑ͷߏ଄ϞσϧΛ͋Β͔͡ΊܾΊ͓ͯ͘ඞཁ͕͋Δɽͦ͜Ͱɼ୳਑ʹՃ͑
ͯࢼྉͷঢ়ଶΛهड़͢Δ೾ಈؔ਺ͱͯ͠۩ମతͳܗΛԾఆ͠ɼͦΕΛࣜ (2.13)ʹ
୅ೖ͢Δ͜ͱͰτϯωϧߦྻཁૉΛٻΊΔɽ
ࢼྉද໘ͷ೾ಈؔ਺ψs͸ɼࢼྉද໘͔Βਅۭํ޲ʹ޲͔ͬͯࢦ਺ؔ਺తʹݮਰ
͢ΔܗΛߟ͑ͯɼ
ψs = Ωs
− 12
∑
G
aG exp[−(k2 + |k|| +G|) 12 z] exp[i(k|| +G) · x] (2.26)
ͱදΘ͢ɽ͜ͷࣜ͸ɼࢼྉද໘಺Ͱ͸݁থ֨ࢠʹΑΔपظؔ਺ͱฏ໘೾ͷੵͰ͋
Δϒϩοϗؔ਺Λ༻͍ͯΔɽ͜͜ͰɼΩs͸ࢼྉͷମੵɼk =
√
2mφ
! (φ:࢓ࣄؔ਺)͸
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ਅۭͰͷݮਰ܎਺ɼk||͸ද໘ͷϒϩοϗ೾ϕΫτϧɼG͸ද໘ͷٯ֨ࢠϕΫτϧɼ
aG͸܎਺Ͱ͋Δɽͭ·Γɼࣜ (2.23)ͷද໘೾ಈؔ਺͸ɼද໘ฏߦํ޲ʹk|| +Gͷ
೾਺Λ΋ͪɼද໘ਨ௚ํ޲ʹ͸ (k2 + |k|| +G|) 12 ͷ܎਺Ͱݮਰ͢Δɽ
୳਑ͷ೾ಈؔ਺ ψtʹରͯ͠ TersoﬀͱHamann͸ɼ୳਑ઌ୺ͷܗঢ়Λٿܗͱ͍
͏୯७ͳϙςϯγϟϧͱͯ͠ϞσϧԽͨ͠ (ਤ 2.5) [94,95]ɽ͜ͷϞσϧͰ͸ɼٿର
শͳ sঢ়ଶͷ೾ಈؔ਺Λ୳਑ઌ୺ͷ೾ಈؔ਺ͱͯ͠࠾༻͓ͯ͠Γɼ͜ΕʹΑͬͯ
୳਑ͷܗঢ়ʹґଘ͢ΔޮՌ͕ফ͑Δɽͦͯ͠ɼਤͷϞσϧͰࣔ͢Α͏ͳۂ཰൒ܘ
Rͷٿͷۂ཰த৺ r0ͱ͍͏ಛఆͷҐஔͰͷ೾ಈؔ਺Λ౳ํతͳٿ໘೾ͱͯ͠ߟ͑
ͨɽ
ψt = Ωt
− 12 ctkRekR(k|r − r0|)−1e−k|r−r0| (2.27)
ͨͩ͠ɼΩt͸୳਑ͷମੵɼk =
√
2mφ
! (φ:࢓ࣄؔ਺)͸ਅۭͰͷݮਰ܎਺ɼct͸܎਺
Ͱ͋Δɽ
͜͜Ͱɼࣜ (2.27)Λɼ
(kr)−1 =
∫
d2qb(q) exp[−(k2 + q2) 12 |z|] exp(iq · x) (2.28)
b(q) = (2π)−1k−2
(
1 +
q2
k2
)− 12
(2.29)
ͷؔ܎Λ༻͍ͯมܗ͠ɼ୳਑͓Αͼࢼྉͷ೾ಈؔ਺Λࣜ (2.13)ʹ୅ೖ͢Δͱτϯ
ωϧߦྻཁૉ͸ɼ
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Mts =
!2
2m
4πk−1Ωt−
1
2kRekRψs(r0) (2.30)
ͱͳΔɽTersoﬀͱHamann͸ɼۚଐిۃ-ۚଐిۃؒͰͷిࢠͷτϯωϧ͕ɼ௿Թ
Լʹ͓͍ͯඍখόΠΞεిѹͰੜ͡Δͱ͍͏ԾఆΛߦ͍ɼࣜ (2.30)Λࣜ (2.25)ʹ
୅ೖͯ͠τϯωϧిྲྀΛٻΊͨɽ
I = 32π3!−1e2V φ2Dt(EF )R2k−4e2kR
∑
s
|ψs(r0)|2δ(Es − EF ) (2.31)
͜͜ͰɼDt(EF )͸ϑΣϧϛ४Ґʹ͓͚Δ୳਑ͷঢ়ଶີ౓Λఆ਺ͱͯۙ͠ࣅͨ͠΋
ͷͰ͋Δɽ͜ͷࣜΛݟͯΘ͔ΔΑ͏ʹɼTersoﬀ-Hamannཧ࿦Ͱ͸ɼ୳਑ͷঢ়ଶ͸
ۂ཰த৺ r0ʹू໿͞Ε͍ͯΔɽैͬͯɼ୳਑ͷঢ়ଶີ౓Dt(EF )͸ۭؒతґଘੑ
Λ΋ͨͳ͍͜ͱʹͳΔɽࣜ (2.31)ʹࣔͨ͠࠷ޙͷ߲ɼ
∑
s |ψs(r0)|2δ(Es − EF )͸ɼ
୳਑ͷۂ཰த৺ r0ʹ͓͍ͯɼϑΣϧϛ४Ґʹ͋Δࢼྉද໘ͷిࢠঢ়ଶ (ہॴঢ়ଶ
ີ౓ Local Density Of StateɿLDOS)Λҙຯ͍ͯ͠Δɽͭ·Γɼτϯωϧిྲྀͷۭ
ؒతͳมԽΛܾఆ͍ͯ͠Δͷ͸ɼࢼྉද໘ͷঢ়ଶີ౓Ͱ͋Δ͜ͱ͕෼͔Δɽैͬ
ͯɼࢼྉද໘ͷ LDOS͕ද໘ݪࢠ഑ྻʹैͬͯมԽ͍ͯ͠ΔͳΒ͹ɼτϯωϧి
ྲྀ͕ҰఆʹͳΔΑ͏ʹ୳਑Λ૸ࠪͨ͠৔߹ʹಘΒΕΔ STM૾Ͱ؍࡯͞Εͨ૾͸ɼ
ࢼྉද໘ͷݪࢠҐஔΛࣔ͢΋ͷͱͯ͠ղऍՄೳͰ͋Δɽ
ࣜ (2.23)ͷ೾ಈؔ਺͸ද໘͔ΒਅۭྖҬʹ޲͔ͬͯɼද໘ਨ௚ํ޲ʹԊͬͯࢦ
਺ؔ਺తʹݮগ͢ΔͷͰɼ
ψs(r0) ∝ exp(−ks) (2.32)
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ͱͳΔɽঢ়ଶີ౓͸ɼ
|ψs(r0)|2 ∝ exp[−2k(s+R)] (2.33)
ͱͳΔɽ͜͜Ͱɼs͸ࢼྉද໘ͱ୳਑ͱͷؒͷڑ཭Ͱ͋Δ (ਤ 2.5)ɽैͬͯτϯω
ϧిྲྀ͸ɼ
I ∝ exp(−2ks) (2.34)
ͱͳΔɽTersoﬀ-Hamannཧ࿦Ͱ΋τϯωϧిྲྀ͸ɼ୳਑-ࢼྉද໘ؒڑ཭ sʹґଘ
ͨ͠ࢦ਺ؔ਺తͳ΋ͷͱͳΔɽ
Tersoﬀͱ Hamann͸ɼࣗ਎ͷ STM૾ʹର͢Δཧ࿦͕࣮ࡍʹ؍࡯͞Εͨ STM
૾ͱରԠ͢Δ͔Λ͔֬ΊΔͨΊʹɼAu(110)-(2×1)ද໘ͱ Au(110)-(3×1)ද໘ͷ
ߏ଄Λ਺஋ܭࢉ͠ɼͦͷ݁ՌΛ STM૾ͱൺֱͨ͠ɽ͜ͷ਺஋ܭࢉ͸ɼ୳਑൒ܘ
R = 9A˚ɼ୳਑-ࢼྉද໘ؒڑ཭ (୳਑ͷத৺͔Β r0͔Βࢼྉද໘ݪࢠͷݪࢠ֩·
Ͱͷڑ཭)15A˚ɼ௿ҹՃόΠΞεͱ͍͏৚݅Ͱߦͬͨɽͦͷ݁Ռɼ୳਑ͷۂ཰த৺
͸ۚද໘ͷϑΣϧϛ४Ґʹ͓͚Δ LDOSͷมԽΛݪࢠϨϕϧͰ௥ਵ͓ͯ͠Γɼ؍
࡯͞Εͨۚද໘ͷ STM૾ͱΑ͘Ұக͢Δͱ͍͏݁࿦Λಘ͍ͯΔ [94]ɽ
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r0
R
S
ਤ 2.5: Tersoﬀ-Hamannཧ࿦ʹ͓͚Δ୳਑ઌ୺ͷܗঢ়Ϟσϧɽ୳਑ઌ୺͸ۂ཰൒ܘRͷٿ
ରশͳϙςϯγϟϧͰ͋Γɼͦͷۂ཰த৺͸ r0Ͱ͋Δɽ୳਑ͱࢼྉද໘ͷڑ཭͸ SͰ͋
Δɽ
Tersoﬀ-Hamannཧ࿦ͷద༻ݶք
TersoﬀͱHamannʹΑͬͯಋ͔ΕͨτϯωϧిྲྀҰఆϞʔυͰ؍࡯͞Εͨ STM
૾ͷ୯७ͳղऍ͸ɼ࣮ࡍͷ STM؍࡯ʹ͓͚Δॾ৚݅Λߟྀ͢Ε͹ɼͦͷ··ద༻
͢Δ͜ͱ͕Ͱ͖ͳ͍͜ͱ͸͙͢ʹཧղͰ͖Δɽྫ͑͹ɼࢼྉͱͯ͠൒ಋମΛ STM
؍࡯͢Δ৔߹ɼҹՃ͢ΔόΠΞεిѹ͸ 1ʙ2Vఔ౓Ͱ͋Γɼ୳਑ઌ୺ͷ೾ಈؔ਺
͕ٿରশͰ֯౓ґଘੑ͕ແ͍ͱ͍͏఺ʹ΋ٙ໰͕࢒Δɽ͞Βʹɼ୳਑͓Αͼࢼྉ
ͷঢ়ଶີ౓ͱભҠ֬཰͕ΤωϧΪʔʹؔΘΒͣҰఆͱ͍ͯ͠Δ఺ʹ͍ͭͯ΋ಉ༷
Ͱ͋Δɽͦ͜Ͱɼ͔͜͜Β͸࣮ࡍͷ STM؍࡯ͷॾ৚݅ʹԊͬͨܗͰτϯωϧిྲྀ
Λߟ͍͑ͯ͘ɽ
·ͣ࠷ॳʹɼࣜ (2.25)Ͱࣔͨ͠τϯωϧిྲྀͷදࣜʹରͯ͠ɼ༗ݶόΠΞεి
ѹͰͷ STM؍࡯ʹΑΔӨڹʹ͍ͭͯߟ͑Δɽલड़ͨ͠Α͏ʹɼඍখόΠΞεిѹ
ͷ৔߹Ͱ͸ϑΣϧϛ४Ґʹ͓͚Δঢ়ଶີ౓ͷΈΛߟྀ͢Ε͹Α͔ͬͨɽҰํɼ༗
ݶόΠΞεిѹͷ৔߹Ͱ͸ɼϑΣϧϛ४ҐҎԼͷΤωϧΪʔ४Ґʹ͓͚Δঢ়ଶີ
౓ʹ͍ͭͯ΋ߟྀ͠ͳ͚Ε͹ͳΒͳ͍ɽͦ͜Ͱɼ༗ݶόΠΞεిѹͰ͸ɼτϯω
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ϧిྲྀʹؔΘΔঢ়ଶີ౓ΛҹՃͨ͠όΠΞεిѹʹ૬౰͢ΔΤωϧΪʔʹ౉ͬͯ
ੵ෼͢Δ͜ͱΛߟ͑Δɽͦͯ͠ɼ୳਑͓Αͼࢼྉͷঢ়ଶີ౓͕ΤωϧΪʔʹର͠
ͯมԽ͢Δ͜ͱ΋ߟྀ͢Ε͹ɼTersoﬀͱHamannʹΑͬͯಋ͔Εͨτϯωϧిྲྀ
ͷࣜ͸ɼ
I =
4πe
!
∫ eV
0
nt(E − eV ) · ns(E, r0)|Mts|2dE (2.35)
ͱҰൠԽͰ͖Δɽ͜͜Ͱɼnt(E)͸୳਑ͷঢ়ଶີ౓ɼns(E, r0)͸୳਑ઌ୺ͷۂ཰
த৺ r0ʹ͓͚Δࢼྉද໘ͷঢ়ଶີ౓Ͱ͋Δɽࣜ (2.31)Ͱࣔͨ͠ϑΣϧϛ४Ґʹ͓
͚Δࢼྉද໘ͷ LDOSͷ߲ͱࣜ (2.33)Λ༻͍Ε͹ɼ
ns(E, r0) ∝ ns(E) · exp
{
−2(s+R)
[
2m
!
(
φt + φs
2
+
eV
2
− E
)]1/2}
(2.36)
ͱ͍͏ۙࣅ͕Ͱ͖Δɽ͜͜Ͱɼݮਰ܎਺ k =
√
2mφ
! (φ:࢓ࣄؔ਺)ͱ͍͏දࣜΛ༻͍
ͨɽφtɼφs͸୳਑͓Αͼࢼྉͷ࢓ࣄؔ਺Ͱ͋Δɽैͬͯɼ࠷ऴతʹτϯωϧిྲྀ
͸ɼ
I =
∫ eV
0
nt(E − eV ) · ns(E) · T (E, eV, s)dE (2.37)
ͱͳΔɽ͜͜Ͱಁա܎਺ T (E, eV, s)͸ɼ
T (E, eV, s) = exp
{
−2(s+R)
[
2m
!
(
φt + φs
2
+
eV
2
− E
)]1/2}
(2.38)
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Ͱ͋Γɼ͜ͷදࣜதͷݮਰ܎਺ʹભҠ֬཰ |Mts|2ͷΤωϧΪʔґଘੑͱόΠΞε
ిѹґଘੑ͕૊Έࠐ·Ε͍ͯΔɽ
࣍ʹɼ୳਑ઌ୺ͷ೾ಈؔ਺ʹ͍͍ͭͯͭͯߟ͑ΔɽTersoﬀͱHamann͸ٿରশ
ͳ sঢ়ଶͷ೾ಈؔ਺ͷΈΛ࠾༻͠ɼଞͷ೾ಈؔ਺Λશ͘ແࢹ͢Δ͜ͱͰۃΊͯ୯
७ͳϞσϧΛఏҊͨ͠ɽ͔͠͠ͳ͕Β͜ͷϞσϧͰ͸ɼτϯωϧߦྻཁૉΛܭࢉ
͢ΔͨΊʹ࣍ʹࣔ͢৚͕݅՝͞Ε͍ͯΔɽ
(
1 +
q2
k2
) l
2
≃ 1 (2.39)
͜͜Ͱɼq͸ࢼྉද໘ͷ೾ಈؔ਺ͷϑʔϦΤ੒෼ͷ೾਺ϕΫτϧͰ͋Δɽࢼྉද໘
ͷ೾ಈؔ਺ͷ೾௕ L = 2π/qΛ༻͍Ε͹ࣜ (2.39)͸ɼ
L≫ 2π!(2meφ) 12 ≃ 12.3φ− 12 A˚ (2.40)
ͱͳΔɽ͜ ͜Ͱɼφ͸࢓ࣄؔ਺Ͱ͋Δɽ͜ ͜Ͱయܕతͳۚଐද໘ͷ࢓ࣄؔ਺φ ≃ 5eV
Λࣜ (2.40)ʹ୅ೖ͢Δͱɼ
L≫ 5.5A˚ (2.41)
͕ಘΒΕΔɽ͜ͷ݁Ռ͸Tersoﬀ-Hamannཧ࿦Ͱ͸ 5.5 A˚ະຬͷपظߏ଄ΛࣝผͰ
͖ͳ͍͜ͱΛ͍ࣔͯ͠ΔɽTersoﬀͱHamann͕ใࠂͨ͠ STM૾ͱࣗ਎ͷϞσϧ
Λ༻͍ͨ਺஋ܭࢉͱͷҰக͸ɼAu(110)-(2×1)ද໘ͱAu(110)-(3×1)ද໘ͷΑ͏ͳ
ൺֱతେ͖ͳ֨ࢠαΠζ (8ʙ12A˚)ͷܥͰಘΒΕͨɽैͬͯɼయܕతͳݪࢠϨϕϧ
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ͷ֨ࢠαΠζ (2ʙ4A˚)͸ɼTersoﬀͱHamannʹΑΔϞσϧͰ͸આ໌Ͱ͖͍ͳ͍͜
ͱ͕෼͔Δɽ͔͠͠ͳ͕ΒɼΑ͘஌ΒΕ͍ͯΔΑ͏ʹɼ࣮ࡍͷ STM؍࡯Ͱ͸ɼ2ʙ
4A˚ఔ౓ͷݪࢠؒڑ཭ͷଌఆ͸ୡ੒͞Ε͍ͯΔ͜ͱ͕ଟ͍ɽͰ͸ɼTersoﬀ-Hamann
ʹΑΔ sঢ়ଶͷ೾ಈؔ਺Λ༻͍ͨϞσϧͱɼ࣮ࡍͷ STM؍࡯ͱͷؒͰੜ͍ͯ͡Δ
ҧ͍ͷ࠷΋େ͖ͳཁҼ͸ԿͰ͋Ζ͏͔ɽ
͜͜Ͱɼ୳਑ͷϑΣϧϛ४Ґʹ͓͚Δిࢠঢ়ଶʹ͍ͭͯߟ͑ΔɽҰൠతʹ STM
؍࡯ʹ༻͍Δ୳਑ͷࡐྉ͸ɼλϯάεςϯ΋͘͠͸ϓϥνφΠϦδ΢ϜͰ͋Δɽ͜
ΕΒͷ෺࣭ͷϑΣϧϛ४Ґ͸ɼsঢ়ଶΑΓ΋ dঢ়ଶ͕ࢧ഑తͰ͋Δ (ද 2.1)ɽdঢ়ଶ
ͷిࢠͷಁա཰ͷݮগ͸ sঢ়ଶͷిࢠʹൺ΂ͯߴ͍͜ͱ͔Βɼdঢ়ଶͷిࢠͷํ͕
ΑΓ଎͘ݮਰ͢ΔͨΊɼτϯωϧిྲྀ΁ͷӨڹ͸ແࢹͰ͖Δͱ͞Ε͍ͯΔɽ͔͠
͠ͳ͕ΒɼόϧΫλϯάεςϯͷද໘ʹ͸ɼہࡏ͢Δ dz2يಓͷද໘ঢ়ଶ͕͋Δ͜
ͱ͕ใࠂ͞Ε͓ͯΓ [96]ɼ͜ͷද໘ঢ়ଶ͸ٿରশͳ sঢ়ଶΑΓ΋ਅۭྖҬʹ޿͕ͬ
͍ͯΔɽ͞ΒʹɼSTM୳਑ͷϞσϧʹ༻͍ͨλϯάεςϯΫϥελʔͷిࢠঢ়ଶ
ʹର͢ΔୈҰݪཧܭࢉͰ΋ɼdz2ঢ়ଶͰ͋Δ୳਑ઌ୺ݪࢠ͕ɼϑΣϧϛ४Ґʹ͓͍
ͯμϯάϦϯάϘϯυঢ়ଶͰہࡏ͍ͯ͠Δ͜ͱ͕ࢦఠ͞Ε͍ͯΔ [97,98]ɽैͬͯɼ
STM୳਑ͷϞσϧʹ͸ɼTersoﬀ-HamannϞσϧʹΑΔ sঢ়ଶͰ͸ͳ͘ɼہࡏͨ͠
dঢ়ଶͱͯ͠ѻ͏ͷ͕ଥ౰Ͱ͋Δɽ
ද 2.1: Ұൠతͳ୳਑ࡐྉͷϑΣϧϛ४Ґʹ͓͚Δ sঢ়ଶͱ dঢ়ଶͷׂ߹
Material W Pt Ir
sঢ়ଶ 3.1 % 0.77 % 0.94 %
dঢ়ଶ 85 % 98 % 96 %
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ChenʹΑΔτϯωϧిྲྀͷཧ࿦
Tersoﬀ-Hamannཧ࿦ʹΑΕ͹ɼ؍࡯͞Εͨ STM૾͸ٿରশͳ୳਑ઌ୺ͷۂ཰
த৺ʹ͓͚Δࢼྉද໘ͷϑΣϧ४ҐͰͷ LDOSͰۙࣅ͞ΕΔɽ͔͠͠ͳ͕Βݪࢠ
Ϩϕϧͷߏ଄ʹରͯ͜͠ͷϞσϧͰ͸ɼ୳਑-ࢼྉද໘ؒڑ཭͕ۃΊͯখ͘͞ (3A˚
ఔ౓)ɼ୳਑ͷۂ཰൒ܘ͕ඇݱ࣮తͳେ͖͞Ͱ͋ΔͱԾఆͯ͠΋ɼͦͷLDOS౳ߴ
ઢͷίϧήʔγϣϯڧ౓Λ؍࡯Ͱ͖ͳ͍͜ͱ͕ChenʹΑͬͯࢦఠ͞Ε͍ͯΔ [99]ɽ
Chen͸ɼTersoﬀ-Hamannཧ࿦ͱ࣮ࡍͷ STM؍࡯݁Ռͱͷໃ६ʹରͯ͠ɼ୳਑ͷ
೾ಈؔ਺ΛΑΓݱ࣮తͳܗʹҰൠԽ͢Δ͜ͱͰղܾͨ͠ɽਤ 2.6͸τϯωϧߦྻཁ
ૉΛܭࢉ͢ΔͨΊʹChenʹΑͬͯࣔ͞Εͨ୳਑-ਅۭϙςϯγϟϧ-ࢼྉͷϞσϧ
Ͱ͋Δɽ
ਤ 2.6: τϯωϧߦྻཁૉͷܭࢉͷͨΊʹ ChenʹΑͬͯఏҊ͞Εͨ୳਑-ਅۭϙςϯγϟ
ϧ-ࢼྉද໘ͷϞσϧɽ୳਑ͱࢼྉΛ෼͚Δ෼཭໘ Σ͸ਅۭΪϟοϓͷ͓͓ΑͦதؒʹҐ
ஔ͢Δɽ
͜ͷϞσϧͰ͸ɼτϯωϧߦྻཁૉΛਤ 2.6ʹࣔ͢෼཭ද໘ Σʹ͓͚Δ୳਑͓
Αͼࢼྉද໘ͷ೾ಈؔ਺ʹΑܾͬͯఆ͢Δɽ͜ͷ෼཭ද໘͸ਅۭΪϟοϓͷ͓͓Α
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ͦதؒʹҐஔ͢Δɽ୳਑ͷঢ়ଶʹରͯ͠෼཭ද໘ʹ͓͚Δϙςϯγϟϧ͸ਅۭϙ
ςϯγϟϧͱಉ༷Ͱ͋Δɽैͬͯɼ෼཭ද໘Λڥʹͨ͠ࢼྉଆʹ͓͍ͯɼ୳਑ͷ
೾ಈؔ਺ ψt͸ҎԼͷγϡϨσΟϯΨʔํఔࣜΛຬ͢ɽ
(∇2 − k2)ψt(r) = 0 (2.42)
͜͜Ͱɼk =
√
2mφ
! ͸ݮਰఆ਺Ͱ͋Γɼ࢓ࣄؔ਺φʹΑܾͬͯఆ͞ΕΔɽಉ༷ʹࢼྉ
ͷঢ়ଶʹରͯ͠ɼ෼཭ද໘Λڥʹͨ͠୳਑ଆʹ͓͍ͯࢼྉͷ೾ಈؔ਺ ψs͸ (2.34)
ࣜΛຬͨ͢ɽ
෼཭ද໘ʹ͓͚Δ୳਑ͷ೾ಈؔ਺ͷҰൠతͳදݱ͸ٿ໘ௐ࿨ؔ਺Λ༻͍Δͱɼ
ψtlm(r) = Clmkl(kρ)Ylm(θ,φ) (2.43)
ͱͳΔɽ͜͜Ͱɼρ = |r−r0|Ͱ͋Γɼr0͸୳਑ઌ୺ݪࢠͷத৺Ͱ͋Δɽ·ͨɼYlm
͸ٿ໘ௐ࿨ؔ਺ɼClm͸ن֨Խఆ਺Ͱ͋Δɽkl͸ୈ 2छٿ໘มܗϕοηϧؔ਺Ͱ͋
Γɼࣜ (2.44)ͷΑ͏ʹද͞ΕΔɽ
kl(u) = (−1)lul
(
1
u
d
du
)l e−u
u
(2.44)
ࣜ (2.44)͔Β໌Β͔ͳΑ͏ʹɼτϯωϧిྲྀʹର͢Δ୳਑೾ಈؔ਺ͷํҐྔࢠ਺
lͷد༩͕ɼl࣍ͷಋؔ਺Ͱ࡞༻͍ͯ͠Δ͜ͱ͕෼͔Δɽ
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άϦʔϯؔ਺ʹΑΔ୳਑೾ಈؔ਺ͷදݱ
ࣜ (2.34)ͷάϦʔϯؔ਺Λඍ෼ํఔࣜΛ༻͍ͯఆٛ͢Δͱɼ
(∇2 − k2)G(r − r0) = −δ(r − r0) (2.45)
ͱදΘ͕͢͜Ͱ͖Δɽ͜ͷάϦʔϯؔ਺ͷ໌ࣔܕ͸ɼ
G(r − r0) = exp(−k|r − r0|)
4π|r − r0| (2.46)
Ͱ͋Δɽρ = |r − r0|Ͱ͋ΔͷͰɼάϦʔϯؔ਺͸ୈ 2छٿ໘มܗϕοηϧؔ਺ͷ
߲ʹΑͬͯɼ
G(r − r0) = k
4π
k0(kρ) (2.47)
ͱදͤΔɽैͬͯɼࣜ (2.47)ΑΓɼsঢ়ଶͷ୳਑೾ಈؔ਺͸୳਑ઌ୺ݪࢠͷத৺ r0
ʹ͓͍ͯɼఆ਺Λআ͍ͯάϦʔϯؔ਺ʹ౳͍͠ͷͰɼ
ψS(r) =
4πC
k
G(r − r0) (2.48)
ͱද͞ΕΔɽࣜ (2.48)ͷ྆ลΛ z0ʹ͍ͭͯඍ෼͠ɼk′0(u)− k1(u)ͷؔ܎Λ༻͍Ε
͹ɼ
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∂
k∂z0
G(r − r0) = k
4π
z − z0
ρ
k1(ρ) (2.49)
ͱͳΔɽࣜ (2.49)ࣜͷӈลʹ͓͍ͯ (z − z0)/ρ = cos θ(ਤ 2.6)Ͱ͋ΔͷͰɼPzঢ়
ଶͷ୳਑ͷ೾ಈؔ਺͸ɼ
ψPz(r) =
4πC
k
∂
k∂z0
G(r − r0) (2.50)
ͱͳΔɽࣜ (2.50)ͷ྆ลʹ͓͍ͯ z0ʹ͍ͭͯඍ෼͠ɼ3k1(u)/u = k0(u)− k2(u)ͷ
ؔ܎Λ༻͍Ε͹ɼ
ψdz2 (r) =
4πC
k
[
∂2
k2∂z02
G(r − r0)− 1
3
G(r − r0)
]
(2.51)
͕ಘΒΕΔɽ͜ΕΒͷؔ܎Λ༻͍ͯτϯωϧߦྻཁૉΛಋ͘ɽ
Derivative rule
BardeenʹΑΔτϯωϧిྲྀͷࣜ (2.25)Λ༻͍ͯɼ୳਑ઌ୺ͷ೾ಈؔ਺͕ٿର
শͳ sঢ়ଶͷ೾ಈؔ਺ͱ͸ҟͳΔ৔߹ʹ͓͚ΔτϯωϧߦྻཁૉM ΛٻΊΔɽτ
ϯωϧߦྻཁૉ͸୳਑-ࢼྉද໘ؒͷ෼཭ද໘
∑
(ਤ 2.6)ʹ͓͚Δ໘ੵ෼ʹΑͬͯ
ܭࢉ͢ΔɽτϯωϧߦྻཁૉM ͸ɼ
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M =
!2
2me
∫
∑(χ∗∇ψ − ψ∇χ∗) · dS (2.52)
Ͱ͋Δɽ͜͜Ͱψ͸ࢼྉද໘ͷ೾ಈؔ਺ɼχ͸୳਑ͷ೾ಈؔ਺Ͱ͋ΓɼdS͸
∑
ʹ
͓͚Δද໘ཁૉͰ͋Δɽ
ࣜ (2.48)Λ༻͍Δͱɼsঢ়ଶʹର͢ΔMs͸ɼ
Ms ≡ !
2
2me
∫
∑(χ∗∇ψ − ψ∇χ∗) · dS
=
2πC!2
kme
∫
∑[G(r − r0)∇ψ − ψ∇G(r − r0)] · dS (2.53)
ͱͳΔɽάϦʔϯͷఆཧ (2.14)Λ༻͍ͯࣜ (2.53)ͷ໘ੵ෼Λ୳਑ͷମੵੵ෼ʹม
׵͢Ε͹ɼ
Ms =
2πC!2
kme
∫
ΩT
[G(r − r0)∇2ψ − ψ∇2G(r − r0)]dτ (2.54)
ͱͳΔɽͨͩ͠ɼΩT ͸୳਑ͷମੵͰ͋Δɽࢼྉද໘ͷ೾ಈؔ਺ ψ͸ɼΩT ʹ͓͍
ͯࣜ (2.42)ͷγϡϨσΟϯΨʔํఔࣜΛຬͨ͢ͷͰɼࣜ (2.54)ͷੵ෼ͷୈ 1߲͸
G(r−r0)k2ψͱͳΔɽҰํɼάϦʔϯؔ਺͸ࣜ (2.45)Λຬͨ͢ɽैͬͯɼࣜ (2.54)
ͷੵ෼ͷୈ 2߲͸ɼ−ψ[k2G(r − r0)− δ(r − r0)]ͱͳΔɽ͜ΕΑΓࣜ (2.54)͸ɼ
Ms =
2πC!2
kme
ψ(r0) (2.55)
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ͱͳΔɽࣜ (2.55)ͷ݁Ռ͸୳਑ઌ୺Λ͋Δۂ཰൒ܘΛ΋ͬͨٿঢ়ͷ೾ಈؔ਺ͱ͠
ͯѻͬͨTersoﬀ-Hamannͷ݁Ռͱ౳ՁͰ͋Δɽ͔͠͠ChenʹΑΔϞσϧ͸ɼ୳
਑ͷ೾ಈؔ਺͕ sঢ়ଶҎ֎ͷঢ়ଶͰ͋ͬͯ΋τϯωϧߦྻཁૉ͕༰қʹಘΒΕͱ
͍͏఺Ͱ༏Ε͍ͯΔɽࣜ (2.51)͓Αͼࣜ (2.52)Λ༻͍Δͱ dz2ͷ୳਑೾ಈؔ਺ʹ͓
͚ΔτϯωϧߦྻཁૉMdz2 ͸ɼ
Mdz2 =
!2
2me
∫
∑(χdz2∇ψ − ψ∇χdz2 ) · dS
=
2π!2C
mek
∫
∑
[{(
∂2
k2∂z02
)
G(r − r0)− 1
3
G(r − r0)
}
∇ψ
−ψ∇
{
∂2
k2∂z02
G(r − r0) + 1
3
G(r − r0)
}]
·dS
=
2π!2C
mek
(
∂2ψ
∂z02
− 1
3k2
ψ
)
(2.56)
ͱͳΔɽैͬͯɼ୳਑͕ dz2ঢ়ଶͰ͋Δͱ͖ͷτϯωϧߦྻཁૉ͸ɼ୳਑ઌ୺ݪࢠ
ͷத৺ʹ͓͚Δࢼྉද໘ͷ೾ಈؔ਺ͷ 2࣍ͷ zʹؔ͢Δಋؔ਺ʹൺྫ͢Δ͜ͱ͕
Θ͔Δɽ͜ͷํ๏͸Derivative rule [96]ͱݺ͹Ε͓ͯΓɼTersoﬀ-Hamannཧ࿦Ͱ
͸આ໌Ͱ͖ͳ͍ STM؍࡯ʹ͓͚Δݪࢠ෼ղೳͷىݯΛ͍ࣔͯ͠Δɽ
લड़ͨ͠Α͏ʹɼ୳਑ઌ୺Λٿঢ়ͷ sঢ়ଶͰۙࣅͨ͠Tersoﬀ-Hamannཧ࿦Ͱ͸ɼ
ࢼྉද໘ݪࢠͷ LDOSͷίϧήʔγϣϯڧ౓͕খ͗͢͞ΔͨΊʹɼݪࢠ෼ղೳΛ
ಘΔ͜ͱ͕Ͱ͖ͳ͍ɽ͔࣮͠͠ࡍͷ STM؍࡯Ͱ͸ɼAu(111) [100]ɼAl(111) [101]ɼ
Cu(100) [102]ͷΑ͏ͳ࠷ີॆరߏ଄ΛͱΔۚଐද໘ݪࢠͷݪࢠ෼ղೳ STM૾͕
ใࠂ͞Ε͍ͯΔɽ͜ΕΒͷۚଐද໘ʹ͓͚Δ࠷ۙ઀ݪࢠؒڑ཭͸ 2.5ʙ3 A˚ఔ౓Ͱ
͋ΔɽTersoﬀ-Hamannཧ࿦ʹରͯ͠ Chen͸ɼ୳਑͓Αͼࢼྉͷঢ়ଶΛͦΕͧΕ
s, p, dͱͨ͠ 9ͭͷ૊Έ߹Θͤʹ͍ͭͯτϯωϧిྲྀͷίϯμΫλϯε෼෍Λܭ
ࢉͨ͠ (ද 2.2) [96]ɽࢼྉද໘ͷঢ়ଶີ౓͕ݪࢠҐஔʹରԠ͢Δ෼෍Ͱ͋Δ͜ͱΛ
Ծఆ͢Ε͹ɼίϯμΫλϯε෼෍͸τϯωϧߦྻཁૉͷDerivative ruleʹج͍ͮ
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ͯٻΊΒΕΔɽද 2.2͔Β໌Β͔ͳΑ͏ʹɼ୳਑ͱࢼྉද໘ͷঢ়ଶΛೖΕସ͑ͯ΋
ίϯμΫλϯε෼෍͸ಉҰͱͳΔɽ͜Ε͸ɼSTMʹ͓͚Δ૬൓ఆཧ [103]ͱݺ͹
Ε͍ͯΔɽਤ 2.7͸ɼ͜ͷ૬൓ఆཧΛ໛ࣜతʹࣔͨ͠΋ͷͰ͋Δɽ
ද 2.2: ҟͳΔ୳਑ঢ়ଶ͓Αͼࢼྉঢ়ଶʹ͓͚ΔίϯμΫλϯε෼෍ɽͨͩ͠ɼࢼྉ͸ 1
ͭͷہࡏԽͨ͠ঢ়ଶͰ͋Δ͜ͱΛԾఆ͍ͯ͠Δɽ
Tip state sample state Conductance distribution Apparent radius
s s exp(−2χr) z
s p cos2 θ exp(−2χr) z/[1+1/χz]
s d (cos2 θ − 1/3)2 exp(−2χr) z/[1+3/χz]
p s cos2 θ exp(−2χr) z/[1+1/χz]
p p cos4 θ exp(−2χr) z/[1+2/χz]
p d (cos2 θ − 1/3)2 cos2 θ exp(−2χr) z/[1+4/χz]
d s (cos2 θ − 1/3)2 exp(−2χr) z/[1+3/χz]
d p (cos2 θ − 1/3)2 cos2 θ exp(−2χr) z/[1+4/χz]
d d (cos2 θ − 1/3)4 exp(−2χr) z/[1+6/χz]
(a) (b)
ਤ 2.7: ୳਑͕ dz2 ঢ়ଶɼࢼྉද໘͕ sʹ͋Δͱ͖ͷ STM؍࡯ʹ͓͚Δ૬൓ఆཧɽ
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૬൓ఆཧʹΑΕ͹ɼਤ 2.7(a)Ͱࣔͨ͠Α͏ʹɼdz2 ͱ͍͏ঢ়ଶͷ୳਑Λ༻͍ͯɼ
sঢ়ଶͷΑ͏ͳද໘ݪࢠͷ഑ྻΛ͜ͷ୳਑Λ༻͍ͯεΩϟϯͨ͠৔߹ɼτϯωϧ
ిྲྀҰఆϞʔυͰऔಘ͞Εͨ STM૾͸ɼϑΣϧϛ४Ґʹ͓͍ͯҰఆͱͳ͍ͬͯΔ
LDOSΛϚοϐϯάΛͨ͠΋ͷͰ͸ͳ͘ɼͦΕͧΕͷද໘ݪࢠ͕ sঢ়ଶͰ͸ͳ͘
dz2ͱ͍͏ঢ়ଶʹ͋ΔԾ૝తͳද໘ͷిՙີ౓෼෍ΛදΘ͍ͯ͠Δɽ୳਑ͷ೾ಈؔ
਺͕ sঢ়ଶͰͳ͍৔߹ɼ୳਑ઌ୺ͷݪࢠ͸ࢼྉද໘ͷ೾ಈؔ਺ͷಋؔ਺ʹΑͬͯ
ܾΊΒΕͨిՙີ౓෼෍Λ௥ਵ͢Δɽैͬͯɼ͜ͷίϧήʔγϣϯ͸ɼϑΣϧϛ
४Ґʹ͓͚Δࢼྉද໘ͷ LDOS෼෍ΑΓ΋ΑΓڧ͍ݪࢠϨϕϧͷίϧήʔγϣϯ
Λࣔ͢͜ͱʹͳΔɽ
Chen͸ STMʹ͓͚Δ૬൓ఆཧΛ͔֬ΊΔͨΊʹɼ࠷ີॆరߏ଄Ͱ͋ΔAl(111)
ද໘ͷSTM؍࡯Λߦ͍ɼτϯωϧిྲྀͱίϧήʔγϣϯڧ౓ͷؔ܎ΛٻΊ (ਤ2.8)ɼ
୳਑ͷঢ়ଶ͕ s͓Αͼ dz2ঢ়ଶͰ͋Δ৔߹ʹ͓͍ͯಘΒΕͨཧ࿦తͳίϧήʔγϣ
ϯڧ౓ͱൺֱͨ͠ɽͦͷ݁Ռɼ୳਑͕ dz2 ঢ়ଶͷ৔߹ʹ͓͍࣮ͯݧ݁Ռͱྑ͘Ұ
க͠ɼsঢ়ଶͰ͋Δ৔߹ɼίϧήʔγϣϯڧ౓͸࣮ݧ݁Ռͱൺֱͯ͠௿͍஋Λࣔ͠
ͨɽ͞ΒʹChen͸ɼDerivative ruleΛ༻͍ͯɼAl(111)Λ STM؍࡯ͨ͠ͱ͖ͷί
ϧήʔγϣϯڧ౓͕ɼ࣮ࡍͷද໘ͷిՙີ౓ίϧήʔγϣϯڧ౓ͷ 19.6ഒڧ͍͜
ͱΛࣔͨ͠ [103]ɽ͜ΕΒͷ݁Ռ͔Βɼ୳਑͕ dz2ঢ়ଶͰ͋Δ͜ͱʹىҼͨ͠ίϧ
ήʔγϣϯڧ౓ͷ૿େ͕ɼSTM؍࡯ʹ͓͍ͯݪࢠ෼ղ͕ಘΒΕΔࠜຊతͳىݯͰ
͋Δ͜ͱ͕ཧղͰ͖Δɽ
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ਤ 2.8: ࠷ີॆరߏ଄Ͱ͋ΔAu(111)ද໘Λ s͓Αͼ dz2 ঢ়ଶʹ͋Δ୳਑Ͱ STM؍࡯ͨ͠
࣌ͷίϧήʔγϣϯڧ౓ͷཧ࿦ܭࢉͱ࣮ݧͱͷൺֱɽࢼྉද໘ͷঢ়ଶ͸ 1sঢ়ଶͰ͋Δͱ
Ծఆ͍ͯ͠Δɽ
2.1.3 ૸ࠪτϯωϧ෼ޫ (Scaning Tunneling Spectroscopyɿ
STS)ͷཧ࿦
τϯωϧిྲྀ͸ࣜ (2.35)Ͱࣔ͞Ε͍ͯΔΑ͏ʹɼ୳਑͓Αͼࢼྉͷঢ়ଶີ౓ʹ
Αͬͯهड़͞Εɼͦͷେ͖͞͸ϑΣϧϛ४Ґ͔ΒҹՃόΠΞεిѹ·Ͱͷτϯω
ϧిྲྀͷੵ෼஋ͱͳΔɽैͬͯɼ͋Δ஋ʹઃఆͨ͠όΠΞεిѹͰऔಘͨ͠ STM
૾͚ͩͰ͸ɼͲͷΤωϧΪʔ४Ґͷঢ়ଶີ౓Λ؍࡯͍ͯ͠Δͷ͔Λ۠ผ͢Δ͜ͱ
͸೉͍͠ɽޙड़͢ΔΑ͏ʹɼߴ͍ΤωϧΪʔ४Ґʹ͋Δిࢠͷํ͕τϯωϧిྲྀ
΁ͷد༩͕େ͖͍͜ͱ͔ΒɼόΠΞεిѹΛมԽͤͯ͞؍࡯ͨ͠ STM૾͸ɼ͋Δ
ఔ౓͸ҟͳΔΤωϧΪʔ४ҐʹରԠͨ͠ࢼྉද໘ͷঢ়ଶີ౓Λ؍࡯͍ͯ͠Δͱݴ
͑Δɽ͔͠͠ͳ͕ΒɼಛఆͷΤωϧΪʔ४Ґʹ͓͚Δঢ়ଶີ౓Λଌఆ͢ΔͨΊʹ
͸ɼҎԼʹड़΂Δ૸ࠪτϯωϧ෼ޫ (Scaning Tunneling SpectroscopyɿSTS)Λߦ
͏ඞཁ͕͋Δɽ
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STSͷཧ࿦Λઆ໌͢ΔͨΊʹɼTersoﬀͱHamannʹΑΔτϯωϧిྲྀͷද͔ࣜ
Β࢝ΊΔɽ͜ͷϞσϧ͸ɼۚଐిۃ-ۚଐిۃؒͰͷిࢠͷτϯωϧ͕ɼ௿ԹԼʹ
͓͍ͯඍখόΠΞεిѹͰੜ͡Δͱ͍͏ԾఆͷԼʹ੒Γཱ͓ͬͯΓɼ͜ͷ࣌ͷ୳
਑-ਅۭϙςϯγϟϧ-ࢼྉͷόϯυμΠΞάϥϜ͸ਤ 2.9ͷΑ͏ʹද͢͜ͱ͕Ͱ͖
Δɽ
EF
DOS
EF
Evac Evac
DOS
ਤ 2.9: Tersoﬀ-Hamannཧ࿦ʹ͓͚Δ STMόϯυμΠΞάϥϜɽ
ਤ 2.9ʹ͓͍ͯԣ࣠͸ɼͦΕͧΕ 2ͭͷۚଐిۃͷঢ়ଶີ౓ (Density of stateɿ
DOS)ɼॎ࣠͸ΤωϧΪʔΛද͍ͯ͠ΔɽEF ͸ϑΣϧϛ४ҐɼEvac͸ਅۭ४ҐΛ
ࣔ͢ɽ͜ͷ࣌ɼࠨଆͷిۃʹ͓͍ͯϑΣϧϛ४Ґʹ͋Δిࢠ͕ӈଆͷిۃʹ޲͔ͬ
ͯτϯωϧ͢Δɽ͜ͷϞσϧͰ͸ɼ2ͭͷۚଐిۃͷঢ়ଶີ౓͓ΑͼભҠ֬཰͸ɼ
ΤωϧΪʔʹґଘͤͣʹҰఆͰ͋Δͱۙࣅ͍ͯ͠Δɽ͔͠͠ͳ͕Βɼલड़ͨ͠Α
͏ʹɼ൒ಋମࢼྉΛ༗ݶόΠΞεిѹͰ؍࡯͢Δ৔߹Ͱ͸ɼϑΣϧϛ४Ґͷଞʹ
ͦͷΤωϧΪʔҎԼͷΤωϧΪʔ४Ґʹ͓͚Δঢ়ଶີ౓΋τϯωϧిྲྀʹد༩͢
Δ͜ͱΛߟྀ͠ͳ͚Ε͹ͳΒͳ͍ɽҰൠతʹɼࢼྉͷঢ়ଶີ౓͸ΤωϧΪʔʹґ
ଘ͓ͯ͠ΓɼભҠ֬཰΋ΤωϧΪʔґଘੑΛࣔ͢͜ͱ͔Βɼਤ 2.9͕ࣔ͢ 2ͭͷۚ
ଐిۃؒͰੜ͡Δిࢠͷτϯωϧͷඳ૾͸ɼͦΕΒΛ൓өͨ͠΋ͷͰ͸ͳ͍ɽ
ਤ 2.10͸ɼࢼྉͷঢ়ଶີ౓͓ΑͼભҠ֬཰͕ΤωϧΪʔґଘੑΛࣔ͢͜ͱΛ൓
өͤͨ͞୳਑-ࢼྉͷόϯυμΠΞάϥϜͰ͋Δɽ͜͜Ͱɼ୳਑ͷঢ়ଶີ౓ nt(E)
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Λۚଐͷࣗ༝ిࢠͷঢ়ଶີ౓Λ༻͍ɼࢼྉද໘ͷঢ়ଶີ౓ns(E)͸൒ಋମͷόϯυ
Ϊϟοϓதʹہࡏͨ͠४Ґ͕ଘࡏ͢Δͱ͖ͷঢ়ଶີ౓Λ༻͍ͯϞσϧԽ͍ͯ͠Δɽ
୳਑-ࢼྉؒʹҹՃ͢ΔόΠΞεిѹ͸ɼࢼྉΛج४ʹͯ͠୳਑ҹՃόΠΞεిѹ
VtipͰࣔ͢ɽ͜͜Ͱ୳਑ͷঢ়ଶີ౓͸ɼτϯωϧిྲྀ͕ੜ͡ΔΤωϧΪʔൣғͰҰ
ఆͱۙࣅ͢Δɽਅۭϙςϯγϟϧதʹࣔͨ͠໼ҹͷํ޲͸ɼిࢠ͕τϯωϧ͢Δํ
޲Λɼ໼ҹͷ௕͞͸τϯωϧ֬཰ͷେ͖͞Λ͓ࣔͯ͠Γɼࣜ (2.38)Ͱࣔͨ͠ಁա܎
਺T ͱಉٛͰ͋Δɽैͬͯɼτϯωϧ֬཰͸ɼτϯωϧ͢Δిࢠ͕ײ͡Δਅۭϙς
ϯγϟϧোน͕௿͍΄Ͳߴ͘ͳΔɽ͜Ε͸ɼτϯωϧ͢ΔଆͷϑΣϧϛ४Ґۙ๣ͷ
ిࢠͷد༩͕࠷΋େ͖͍͜ͱΛҙຯ͍ͯ͠Δɽͭ·Γɼਤ 2.10(a)Vtip < 0ͷ৔߹ɼ
୳਑ͷ઎༗ঢ়ଶ͔Βࢼྉͷඇ઎༗ঢ়ଶʹ޲͔ͬͯిࢠ͕τϯωϧ͠ɼ(b)Vtip > 0
ͷ৔߹͸ٯํ޲ʹిࢠ͕τϯωϧ͢Δɽ
୳਑ͱࢼྉͷϑΣϧϛ४Ґ͕Ұக͍ͯ͠Δঢ়ଶ͔Β Vtipʹ༩͑ΔෛόΠΞεి
ѹΛঃʑʹେ͖͍ͯ͘͘͠ͱɼ୳਑ͷϑΣϧϛ४Ґ͕ࢼྉͷόϯυΪϟοϓதʹଘ
ࡏ͢Δඇ઎༗ঢ়ଶͷঢ়ଶີ౓ͷۃେ஋ͱҰக͢Δిѹ͕ଘࡏ͢Δɽ͜ͷ࣌ɼτϯ
ωϧిྲྀʹد༩͢Δిࢠ਺͕ٸܹʹ૿Ճ͢Δ͜ͱ͔Βɼτϯωϧిྲྀ΋ٸ૿͢Δɽ
Ұํɼਖ਼όΠΞεిѹΛঃʑʹେ͖͍ͯ͘͘͠ͱɼࢼྉද໘ͷঢ়ଶີ౓͕ଘࡏ͠
ͳ͍ྖҬʹ͋ͨΔɽ͜ͷྖҬͰ͸όΠΞεిѹͷ૿Ճʹରͯ͠τϯωϧిྲྀ͸ม
Խ͠ͳ͍ɽ͞ΒʹόΠΞεిѹΛେ͖͘͠ɼ୳਑ͷϑΣϧϛ४Ґ͕ࢼྉͷՁిࢠ
ଳ্୺ΑΓ΋Լ͕Δͱɼ࠶ͼτϯωϧిྲྀ͕૿େ͢Δɽ
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(a)
EF
DOS
EF
Evac
Evac
DOS
᥈㔪
ヨᩱ
nt(E)
ns(E)
(b)
EF
DOS
EF
Evac
Evac
DOS
᥈㔪
ヨᩱ
nt(E)
ns(E)
ਤ 2.10: ୳਑-ࢼྉؒͷτϯωϧաఔͷΤωϧΪʔґଘੑɽ(a)Vtip < 0ɿඇ઎༗ঢ়ଶͷ؍
࡯ɽ(b)Vtip > 0ɿ઎༗ঢ়ଶͷ؍࡯ɽ
͜ͷΑ͏ͳτϯωϧిྲྀͱόΠΞεిѹͷؔ܎ʹରͯ͠ɼτϯωϧిྲྀΛόΠ
ΞεిѹͰ਺஋ඍ෼͢Δ͜ͱΛߟ͑Δɽࣜ (2.37)ΛҹՃόΠΞεిѹͰඍ෼͢Δ
ͱɼ
dI
dV
∝ ent(0)ns(eV )T (eV, eV, s) +
∫ eV
0
nt(E − eV )ns(E) · dT (E, eV, s)
dV
dE
(2.57)
͕ಘΒΕΔɽҹՃόΠΞεిѹ V ͷൣғ͕ඍখͰ͋Γɼͦͷ஋͕ਅۭϙςϯγϟ
ϧোนߴ͞ʹൺ΂ͯখ͍࣌͞͸ɼT (E, eV )͕ఆ਺ͱΈͳͤΔͨΊɼࣜ (2.57)ͷୈ
2߲͸θϩͱ͓͚Δɽͦ͏͢Δͱɼ͜ͷࣜ͸ɼ
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dI
dV
∝ ns(eV ) (2.58)
ͱͳΔɽͭ·ΓɼτϯωϧిྲྀΛόΠΞεిѹͰඍ෼ͨ͠ dI/dV ͸ɼࢼྉද໘ͷ
ঢ়ଶີ౓ΛදΘ͢ɽҰํɼҹՃόΠΞεిѹV ͷൣғʹ෯͕͋Γɼͦͷ஋͕ਅۭϙ
ςϯγϟϧোนߴ͞ʹൺ΂ͯখ͘͞ͳ͍ͱ͖ɼτϯωϧ֬཰T ͸ɼࣜ (2.38)Ͱࣔ͠
ͨΑ͏ʹҹՃόΠΞεిѹʹؔͯ͠୯ௐʹ૿Ճ͠ɼ͞Βʹɼ୳਑-ࢼྉؒڑ཭ sʹ
΋ґଘͯ͠มԽ͢Δɽैͬͯɼऔಘ͞Εͨిྲྀ-ిѹಛੑ͔Β୯७ʹٻΊͨ dI/dV
͸ঢ়ଶີ౓ͷΈΛ൓өͨ͠৘ใͰ͸ͳ͍ɽैͬͯɼࢼྉද໘ͷঢ়ଶີ౓ΛٻΊΔ
ͨΊʹ͸ɼ͜ΕΒͷӨڹΛ࠷খݶʹ͢Δඞཁ͕͋Δɽͦ͜Ͱɼࣜ (2.57)Λ I/V Ͱ
ن֨Խ͢Ε͹ɼ
dI/dV
I/V
∝
nt(0)ns(eV ) +
∫ eV
0
nt(E − eV )ns(E)
eT (eV, eV, s)
dT (E, eV, s)
dV
dE
1
eV
∫ eV
0
nt(E − eV )ns(E) T (E, eV, s)
T (eV, eV, s)
dE
=
nt(0)ns(eV ) + A(V )
B(V )
(2.59)
͕ಘΒΕΔɽ͜͜Ͱɼnt ͸ఆ਺Ͱ͋ΔͱԾఆ͍ͯ͠ΔɽA(V)ɼB(V)ͷ߲Ͱ͸ɼ
T (eV, eV, s)ɼdT (E, eV, s)ͱ T (eV, eV, s)͕ൺͱؚͯ͠·Ε͍ͯΔ͜ͱ͔Βɼτϯ
ωϧ֬཰ T ͷ୳਑-ࢼྉؒڑ཭ͱҹՃόΠΞεిѹʹର͢Δࢦ਺ؔ਺తͳґଘੑ͸
ଧͪফ͞ΕΔɽntҎ֎ͷ߲Λݟ͍ͯ͘ͱɼ෼ࢠͷA(V)͸ɼਅۭϙςϯγϟϧதͷ
ిքʹΑͬͯӨڹΛड͚ͨ೾ಈؔ਺ͷݮਰ௕ʹΑΔόοΫάϥ΢ϯυͰ͋Δɽ෼
฼ͷ B(V)͸ɼࢼྉද໘ͷঢ়ଶີ౓ nsΛن֨Խ͍ͯ͠Δ͜ͱΛࣔ͢ɽ͜ΕΒͷ 2
ͭͷ߲͸ɼҹՃόΠΞεిѹʹରͯ͠ඇৗʹ؇΍͔ʹมԽ͢Δؔ਺Ͱ͋Δ͜ͱ͔
Βɼ(dI/dV )(I/V )ʹ༩͑Δد༩͸Θ͔ͣͰ͋ΔɽैͬͯɼҹՃ͢ΔόΠΞεిѹ
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ͷൣғ͕਺Vʹ౉Δͱ͖ͷࢼྉද໘ͷঢ়ଶີ౓͸ɼ
dI/dV
I/V
∝ ns(eV ) (2.60)
ͱද͢͜ͱ͕Ͱ͖Δɽ͜ ͷΑ͏ʹɼτϯωϧిྲྀ-ҹՃόΠΞεిѹಛੑ͔ΒdI/dV
΋͘͠͸ (dI/dV )/(I/V )Λ਺஋తʹٻΊɼࢼྉද໘ͷঢ়ଶີ౓ͷεϖΫτϧΛٻ
ΊΔख๏͕૸ࠪτϯωϧ෼ޫ (STS)Ͱ͋Δɽ
Ұൠతʹ STSଌఆ͸ɼSTM૸ࠪதʹ୳਑ҐஔΛݻఆ͠ɼͦͷଌఆҐஔͰҹՃό
ΠΞεిѹΛ૟Ҿͤͯ͞τϯωϧిྲྀมԽΛଌఆ͢Δ͜ͱʹΑͬͯߦ͏ɽ͜ͷͱ
͖ɼ֤ଌఆ఺Ͱτϯωϧిྲྀ-ҹՃόΠΞεిѹಛੑΛऔಘ͠ͳ͕Βࢼྉද໘্Λ
૸ࠪ͢Ε͹ɼτϙάϥϑ૾ͱରԠ֤ͨ͠ΤωϧΪʔ४ҐͰͷτϯωϧిྲྀີ౓෼
෍૾͕ಘΒΕΔɽ͜ͷख๏͸ɼCurrent Imaging Tunneling Spectroscopy(CITS)ͱ
ݺ͹ΕΔɽ
2.1.4 ࣮ݧ૷ஔ
ຊݚڀͰ༻͍ͨ௒ߴਅۭ (Ultra High VacuumɿUHV)STMͷߏ੒ʹ͍ͭͯड़΂
Δɽਤ 2.11͸ຊݚڀͰ༻͍ͨ STM૷ஔͷߏ੒ਤͰ͋Δɽຊ૷ஔ͸ɼOmicronࣾ੡
ͷԹ౓Մมܕ (Variabl TemperatureɿVT)STMͰ͋Δɽ͜ͷ૷ஔ͸ɼSTMϢχο
τΛؚΉϝΠϯνϟϯόʔɼࢼྉ΍୳਑ͷՃ೤ॲཧͳͲΛߦ͏ॲཧνϟϯόʔɼࢼ
ྉ΍୳਑Λಋೖ͢ΔϩʔυϩοΫνϟϯόʔͷ 3ͭͷਅۭνϟϯόʔͰߏ੒͞Ε
͍ͯΔɽ͜ΕΒͷνϟϯόʔΛؚΉ૷ஔશମ͸ɼΞΫςΟϒܕͷআৼ୆ (Kurashiki
Kakoࣾ੡)ͷ্ʹઃஔ͞Ε͓ͯΓɼSTM؍࡯࣌ʹ͸஠ૉΨεʹΑͬͯු͔ͤɼి
ؾ੍ޚʹΑΔΞΫνϡΤʔλʔʹΑͬͯআৼ͍ͯ͠ΔɽҎԼͰ͸ɼͦΕͧΕͷνϟ
ϯόʔͷߏ੒ʹ͍ͭͯৄ͘͠ड़΂Δɽ
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TMP RP
ἳỶὅἓἵὅἢὊϼྸἓἵὅἢὊ
ἿὊἛἿἕἁ
ἓἵὅἢὊ
ἚἻὅἋἧỳὊἿἕἛ
STMἸἝἕἚ ỸỻὊἨἽἋἘỵἕἁ
ׅ᠃ೞನ
ἅὅἥ἟Ὂ
ἉἹὅἯὅἩ
ἅὅἥ἟Ὂ
ἉἹὅἯὅἩ
(a)
(b)
ਤ 2.11: STM૷ஔͷߏ੒ਤɽ(a)্໘ਤɽ(b)ଆ໘ਤɽ
2.1. ࣮ݧݪཧ 75
(1)ϝΠϯνϟϯόʔ
STMϢχοτ͕͋ΔνϟϯόʔͰ͋ΓɼSTMϔουɼࢼྉεςʔδɼআৼػߏɼ
୳਑ɾࢼྉͷอ؅ػߏɼྫྷ٫ػߏ͔Βߏ੒͞ΕΔɽͳ͓ɼྫྷ٫ػߏ͸ຊݚڀͰ༻
͍͍ͯͳ͍ͨΊɼͦͷߏ੒ͷઆ໌͸ׂѪ͢Δɽνϟϯόʔ಺ͷਅۭഉؾ͸ΠΦϯ
ϙϯϓ (IP)ͱνλϯαϒϦϝʔγϣϯϙϯϓ (TSP)ͷίϯϏωʔγϣϯϙϯϓʹ
Αͬͯߦͳ͍ͬͯΔɽ௨ৗͷঢ়ଶͰ͸ɼIPͷΈͰഉؾ͍ͯ͠Δɽ͜ͷϙϯϓ͸ػ
ցతͳۦಈ෦෼͕ແ͍ͨΊʹɼഉؾʹ൐͏ৼಈ͕ൃੜͤͣɼ௒ߴਅۭ؀ڥʹ͓͍
ͯൺֱతߴ͍ഉؾ଎౓͕ಘΒΕΔɽ౸ୡਅۭ౓͸௨ৗ 1.0 × 10−8ҎԼʹอͨΕͯ
͍ΔɽTSP͸νλϯͷήολʔ࡞༻Λར༻͢Δ͜ͱʹΑͬͯɺνϟϯόʔ಺ͷؾ
ମͷٵணΛߦ͍ഉؾ͢ΔϙϯϓͰ͋Δɽ͜ͷϙϯϓ͸ɼ୳਑΍ࢼྉΛେؾ͔Βಋ
ೖͨ࣌͠ͳͲɼҰ࣌తͳѱԽͨ͠ਅۭ౓Λ্͛ΔͨΊʹ΋༻͍ΒΕΔɽSTMϔο
υ͸ɼ୳਑͕औΓ෇͚ΒΕ͍ͯΔԁ౵ܗεΩϟφɼ୳਑ͷૈಈػߏ͔Βߏ੒͞Ε
Δɽԁ౵ܗεΩϟφ͸ STM؍࡯ʹ༻͍Δ΋ͷͰ͋Γɼઌ୺ʹऔΓ෇͚ΒΕͨ୳਑
ͷ૸ࠪͱ୳਑-ࢼྉؒڑ཭ͷ੍ޚΛߦ͏ɽૈಈػߏ͸ɼੵ૚ѹిૉࢠΛ༻͍͓ͯΓɼ
XɼYɼZํ޲ʹͦΕͧΕಠཱʹҠಈͰ͖ΔɽͦͷͨΊɼࢼྉͷଌఆҐஔΛmm୯
ҐͰมߋ͢Δ͜ͱ͕ՄೳͰ͋Δɽࢼྉεςʔδ͸ɼࢼྉϗϧμʔɼࢼྉͷ௨ిՃ
೤༻୺ࢠɼྫྷ٫ػߏ͔Βߏ੒͞ΕΔɽআৼػߏͱͯ͠ STMϢχοτશମ͸ɼνϟ
ϯόʔ಺෦ͷϑϥϯδʹݻఆ͞Εͨࢧப͔ΒόωͰ௻ΓԼ͛ΒΕ͓ͯΓɼ͜ͷό
ω͕ৼಈΛٵऩ͢Δ͜ͱͰআৼ͢Δɽ͞Βʹɼࢼྉεςʔδͷपғʹ഑ஔ͞Εͨ
Cu൘͕࣓ੴͰڬΈࠐ·Ε͍ͯΔɽ͜Ε͸ɼ࣓ੴʹڬ·ΕͨCu൘͕ಈ͍ͨͱ͖ʹ
Ӕిྲྀ͕ੜ͡ɼ͜ͷ࣌ʹCu൘ͷมҐͱٯํ޲ʹྗ͕ՃΘΔ͜ͱΛར༻ͨ͠আৼػ
ߏͰ͋Δɽ͜ͷνϟϯόʔ಺෦ʹ͸ɼ୳਑͓ΑͼࢼྉΛ߹Θͤͯ 6ͭ·Ͱอ؅Ͱ
͖ɼਅۭΛഁΔ͜ͱͳ͘UHVதͰ୳਑͓Αͼࢼྉͷަ׵͕ՄೳͰ͋Δɽ
(2)ॲཧνϟϯόʔ
ࢼྉ͓Αͼ୳਑ͷՃ೤ػߏͱɼϩʔυϩοΫνϟϯόʔ͔ΒϝΠϯνϟϯόʔ΁
ࢼྉ͓Αͼ୳਑ΛҠಈͤ͞ΔͨΊͷճసػߏ͔Βߏ੒͞ΕΔɽνϟϯόʔ಺ͷਅ
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ۭഉؾ͸ϝΠϯνϟϯόʔͱಉ༷ʹ IP͓ΑͼTSPʹΑͬͯഉؾ͍ͯ͠Δɽ౸ୡਅ
ۭ౓͸௨ৗ 1.0× 10−8ҎԼʹอͨΕ͍ͯΔɽՃ೤ػߏ͸ɼ఍߅Ճ೤ػߏͱ௨ిՃ೤
ػߏͷ 2͕ͭඋ͑ΒΕ͍ͯΔɽ఍߅Ճ೤͸ɼ఍߅ثΛ௨ి͢Δ͜ͱͰੜ͡Δ๣೤ʹ
Αͬͯɼ৽ͨʹಋೖͨ͠୳਑Λ STM؍࡯ͷલʹՃ೤ͯ͠୤ΨεॲཧΛ͢ΔͨΊʹ
ߦͬͨɽ୳਑ͷ୤ΨεԹ౓͸ 300ˆɼ୤Ψε࣌ؒ͸୳਑ 1ຊ͋ͨΓ 3࣌ؒߦͬͨɽ
Թ౓͸ɼॲཧνϟϯόʔ಺ʹ͋Δ୳਑ϗϧμʔ෇ۙʹઃஔͨ͠೤ిରʹΑͬͯଌ
ఆͨ͠ɽ௨ిՃ೤͸ɼSi(111)-(7×7)ද໘ͷ࡞੡ͷͨΊʹ༻͍ͨɽSi(111)-(7×7)ද
໘ͷ؍࡯͸ɼλϯάεςϯ୳਑ઌ୺ͷࢎԽບআڈ͓Αͼઌ୺ΫϦʔχϯάͷͨΊ
ʹߦͬͨɽిղݚຏʹΑͬͯ࡞੡ͨ͠λϯάεςϯ୳਑ͷද໘ʹ͸ࢎԽບ͕ଘࡏ
͢ΔɽຊݚڀͰ͸ɼH:Si(111)ද໘ͷ STM؍࡯ͷલʹ Si(111)-(7×7)ද໘Λ؍࡯͢
Δ͜ͱͰɼ୳਑ઌ୺ͷࢎԽບআڈΛߦ͍ɼ୳਑ͷ෼ղೳ͓Αͼ҆ఆੑΛ֬ೝͨ͠ɽ
(3)ϩʔυϩοΫνϟϯόʔ
ࢼྉ͓Αͼ୳਑ͷग़͠ೖΕʹ༻͍ΔνϟϯόʔͰ͋Γɼৠணνϟϯόʔ΋݉Ͷ
͍ͯΔɽͦͷͨΊɼλϯάεςϯόεέοτΛৠணݯͱͨ͠ৠணػߏ͕νϟϯόʔ
಺෦ͷԼ෦ʹɼৠணྔΛ؅ཧ͢Δਫথৼಈࣜບްܭ͕νϟϯόʔ্෦ʹઃఆ͞Ε
͍ͯΔɽνϟϯόʔ಺ͷਅۭഉؾ͸ɼϩʔλϦʔϙϯϓ (RP)ͱλʔϘ෼ࢠϙϯϓ
(TMP)ʹΑͬͯߦͳ͍ͬͯΔɽ౸ୡਅۭ౓͸௨ৗ 1.0× 10−7ҎԼͰ͋Δɽ
2.2 ج൘ද໘ͷ࡞੡
ຊݚڀͰ͸ɼFeͷৠணج൘ͱͯ͠ɼSi(111)ද໘ͷμϯάϦϯάϘϯυΛਫૉͰ
ऴ୺ͨ͠ਫૉऴ୺ Si(111)-(1×1)[H:Si(111)]ද໘Λ༻͍ͨɽSiද໘ͷਫૉऴ୺Խͷ
୅දతͳख๏ͱͯ͠ɼΨεٵண๏ͱԽֶ༹ӷॲཧ๏͕͋ΔɽΨεٵண๏ͱ͸ɼ௒ߴ
ਅۭதͰਗ਼ড়Խͨ͠ Siද໘্ʹɼ೤ϑΟϥϝϯτͰղ཭ͤͨ͞ݪࢠঢ়ਫૉΛরࣹ
ͯ͠ٵணͤ͞Δ͜ͱͰਫૉऴ୺Խ͢Δํ๏Ͱ͋ΔɽΨεٵண๏ʹΑͬͯ࡞੡ͨ͠
ਫૉऴ୺ Si(111)ද໘͸ɼmonohydride͚ͩͰ͸ͳ͘ɼdihydride΍ trihydride͕ࠞ
ࡏ͍ͯ͠Δ͜ͱ͕ࢦఠ͞Ε͓Γ [104]ɼෆۉҰͳද໘ঢ়ଶͰ͋Δ͜ͱ͔Βৠணج൘
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ͱͯ͠͸ෆे෼Ͱ͋ΔɽҰํɼϑοԽΞϯϞχ΢ϜʹΑΔԽֶ༹ӷॲཧ๏Λ༻͍
ͯ࡞੡ͨ͠H:Si(111)ද໘͸monohydrideͰ෴ΘΕΔ͜ͱ͕ใࠂ͞Ε͍ͯΔ [16]ɽ
ͦ͜ͰɼຊݚڀͰ͸ɼnܕ Si(111)΢Τϋ (P doped, Ωcm, Matsuzaki Co., Japan)
Λ༻͍ɼԽֶ༹ӷॲཧʹΑΔਫૉऴ୺ԽΛߦͬͨɽ
2.2.1 ਫૉऴ୺Si(111)-(1×1)ද໘ͷ࡞੡ํ๏
Խֶ༹ӷॲཧ๏ʹΑΔH:Si(111)ද໘ͷ࡞੡ํ๏ʹ͍ͭͯઆ໌͢Δɽຊද໘ͷ࡞
੡޻ఔ͸ɼ(1)Si΢Τϋͷચড়ɼ(2)٘ਜ਼ࢎԽບͷ࡞੡ɼ(3)ਫૉऴ୺ԽΤονϯά
ͷ 3ͭʹ෼͚ΒΕΔɽ
(1)Si΢Τϋͷચড়
·ͣॳΊʹɼSi΢ΤϋΛॴఆͷαΠζʹ੾Γग़͠ (45 mm×10 mm)ɼτϦΫϩϩ
ΤνϨϯ (ClCH = CCl2)ɼΞητϯ (CH3COCH3)ͷॱʹ֤ 10෼ؒͷ௒Ի೾ચড়Λ
ߦ͍ɼ༗ػԚછ෺Λআڈ͢ΔɽΞητϯચড়͸ɼ༗ػԚછ෺ͷআڈʹՃ͑ͯɼ࢒ଘ͠
ͨτϦΫϩϩΤνϨϯͷআڈ΋݉Ͷ͍ͯΔɽͦ ͷޙɼ௒७ਫ (Millipore Corporationɿ
Milli-Q)தͰ 20෼ؒࣽ෸͠ɼSi΢Τϋද໘্ʹ࢒ଘͨ͠ΞητϯΛআڈ͢Δɽ
(2)٘ਜ਼ࢎԽບͷ࡞੡
ೱེࢎ (H2SO4)ͱաࢎԽਫૉਫ (H2SO4)Λ 3:1ͷׂ߹Ͱࠞ߹༹ͨ͠ӷΛ༻͍ͨ
Խֶ༹ӷॲཧʹΑͬͯɼSi΢Τϋද໘্ʹܗ੒͞Ε͍ͯΔࣗવࢎԽບΛআڈ͠ɼ৽
ͨʹฏୱੑ͕ߴ͍٘ਜ਼ࢎԽບΛܗ੒͢Δɽ͜ͷࠞ߹༹ӷ͸ߴ͍ࢎԽ࡞༻͕͋Δͷ
Ͱɼ࢒ଘͨ͠Ԛછ෺΋ಉ࣌ʹআڈ͢Δ͜ͱ͕Ͱ͖Δɽຊ޻ఔͰ͸ɼϗοτϓϨʔ
τΛ༻͍ͯࠞ߹༹ӷͷԹ౓Λ໿ 120 ˆʹҡ࣋͠ɼ15෼ؒॲཧΛߦͳ͏ɽ
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(3)ਫૉऴ୺ԽΤονϯά
Si΢Τϋද໘ͷਫૉऴ୺ԽΤονϯά͸ɼ40% w/wϑοԽΞϯϞχ΢Ϝ (NH4F)
ͱ 1% w/w ѥེࢎΞϯϞχ΢Ϝ ((NH4F)2SO3)ͷࠞ߹༹ӷΛ༻͍ͯߦͳ͏ɽϑο
ԽΞϯϞχ΢ϜͷΈΛ༻͍ͨ Si(111)ද໘ͷਫૉऴ୺ԽΤονϯάͰ͸ɼ༹ӷதͷ
༹ଘࢎૉʹΑͬͯ Si(111)ද໘ͷςϥε্ͰΤονϯά͕ੜ͡ΔͨΊʹɼฏୱੑ͕
ߴ͍εςοϓ-ςϥεߏ଄͕ܗ੒͞Εʹ͍͘͜ͱ͕ใࠂ͞Ε͍ͯΔ [14]ɽຊݚڀͰ
͸ɼ޿͍ςϥεΛ༗ͨ͠ฏୱੑͷߴ͍H:Si(111)ද໘ΛಘΔͨΊʹɼ୤ࢎૉࡎͱ͠
ͯѥེࢎΞϯϞχ΢ϜΛఴՃ͍ͯ͠Δɽ͜ͷ޻ఔͰ͸ɼ٘ਜ਼ࢎԽບͰ෴ΘΕͨ Si
΢ΤϋΛɼࢼྉϗϧμʔͷܗঢ়ʹ߹͏େ͖͞ʹΧοτͨ͠ޙɼࠞ߹༹ӷΛೖΕͨ
ςϑϩϯ੡ͷόΠΞϧதͰɼ10෼ؒΤονϯάΛߦ͏ɽΤονϯάऴྃޙɼSi΢
Τϋͷද໘্ʹ༹ӷ͕࢒ଘ͠ͳ͍Α͏஫ҙͯ͠औΓग़͢ɽ
2.2.2 ج൘ද໘ͷධՁ
ද໘ߏ଄
ਤ 2.12͸ɼલड़ͨ͠Խֶ༹ӷॲཧ๏ʹΑͬͯ࡞੡ͨ͠H:Si(111)ج൘ද໘ STM
૾ͱߴ͞ϓϩϑΝΠϧͰ͋Δɽଌఆൣғ͸ (a)200 × 200 nm2ɼ(b)40 × 40 nm2ɼ
(c)ɼ(d)4 × 4 nm2Ͱ͋Δɽଌఆ৚݅͸ɼ(a) Vtip=+1.7 V, I=100 pA, (b) Vtip=+2.0
V, I=100 pAɼ(c) Vtip=+1.8 V, I=120 pAɼ(d) Vtip=−1.8 V, I=120 pAͰ͋Δɽ
(e)͸ (c)தʹࣔͨ͠ഁઢʹԊͬͨߴ͞ϓϩϑΝΠϧͰ͋Δɽ(a)ͷ޿͍ྖҬͷ STM
૾Ͱࣔ͢Α͏ʹɼH:Si(111)ද໘͸εςοϓ-ςϥεߏ଄Λ༗͓ͯ͠Γɼ͜ͷςϥε
෯͸ฏۉͯ͠ 60 nmͰ͋Δɽج൘ද໘ͷ݁থํҐ͸ɼεςοϓ͕ԼΔํ޲͕ [1 1 2]
ํ޲Ͱ͋Δɽ͜ͷ݁থํҐ͸ɼਫૉऴ୺Խ͢Δ Si(111)΢Τϋͱಉ͡΢ΤϋΛՃ೤
ॲཧͯ͠ Si(111)-(7×7)࠶ߏ੒ද໘Λ࡞੡͠ɼͦͷ STM؍࡯ʹج͍ܾͮͯఆͨ͠ɽ
ͳ͓ɼ͜ͷޙͰࣔ͢શͯͷ STM૾ͷ݁থํҐ͸ਤ 2.12ͱಉ͡Ͱ͋ΔͨΊɼ݁থ
ํҐͷ໌ࣔΛলུ͍ͯ͠Δɽਤ 2.12(b)͸ 2.12(a)ͷςϥεͷҰ෦Λ֦େ؍࡯ͨ͠
ݪࢠ෼ղೳ STM૾Ͱ͋Γɼද໘ʹ͸࿡ํ֨ࢠঢ়ʹ഑ྻًͨ͠఺͕؍࡯͞ΕΔɽਤ
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2.12(c)͸2.12(b)ͷҰ෦Λ͞Βʹ֦େ؍࡯ͨ͠STM૾Ͱ͋ΓɼਤதͷനഁઢʹԊͬ
ͨϥΠϯϓϩϑΝΠϧΛਤ 2.12(e)ʹ͍ࣔͯ͠Δɽ͜ͷً఺ؒڑ཭͸ 0.39±0.02 nm
Ͱ͋Γɼ͜ͷ஋͸ɼSi(111)-(1×1)ߏ଄ͷ֨ࢠఆ਺ (0.384 nm)ͱྑ͘Ұக͍ͯ͠Δɽ
ैͬͯɼ͜ͷً఺Ґஔ͸ɼH:Si(111)ද໘ͷ࠷ද໘ʹ͋ΔਫૉݪࢠҐஔʹରԠͯ͠
͍Δɽਤதʹࣔͨ͠ඛܗ͸ Si(111)-(1×1)ද໘ͷϢχοτηϧͰ͋Δɽਤ 2.12(d)
͸ɼ(c)ͷ઎༗ঢ়ଶ૾ͱಉ࣌ʹऔಘͨ͠ಉҰྖҬͷඇ઎༗ঢ়ଶ૾Ͱ͋Δɽً఺ͷҐ
ஔ͸྆ํͷ STM૾ͰҰக͓ͯ͠Γɼ͍ͣΕʹ͓͍ͯ΋ਫૉݪࢠҐஔʹରԠ͢Δͱ
ݴ͑Δɽ
ਤ 2.13͸ H:Si(111)ද໘ͷߏ଄ϞσϧͰ͋Δɽਤ 2.13(a)͸্໘ਤɼਤ 2.13(b)
͸ଆ໘ਤͰ͋Δɽ੨ۄ͸γϦίϯ (Si)ɼ੺ۄ͸ਫૉ (H)Ͱ͋Γɼݪࢠಉ࢜Λͭͳ͙
๮͸ڞ༗݁߹Λ͍ࣔͯ͠Δɽ͜ͷߏ଄ϞσϧͰ͸தԝʹ [1 1 0]ํ޲ʹԆͼΔεςο
ϓͱɼͦͷεςοϓʹΑִͬͯͯΒΕͨ 1ݪࢠ૚෼ߴ͕͞ҟͳΔ 2ͭͷςϥεΛࣔ
͍ͯ͠Δɽ͜ͷεςοϓ͕ԼΔํ޲ͷ݁থํҐ͸ɼ2.12(a)Ͱࣔͨ͠ STM૾ͱର
Ԡ͍ͯ͠Δɽਤதͷඛܗ͸ਤ 2.12(c)ɼ(d)Ͱࣔͨ͠ϢχοτηϧͰ͋Δɽ͜ͷΑ͏
ͳ݁থํҐͷ Si(111)΢ΤϋΛNH4FʹΑͬͯΤονϯάͨ͠৔߹ɼεςοϓΤο
δͷܗଶ͸௚ઢঢ়ʹͳΓɼ͜ͷεςοϓΤοδͷ Siݪࢠ͸ɼਤ 2.13(b)͕ࣔ͢Α͏
ʹmonohydrideͰऴ୺͞Ε͍ͯΔͱߟ͑ΒΕ͍ͯΔ [105]ɽ
ਤ 2.12(b)Ͱ͸ɼ໼ҹͰࣔ͢Α͏ͳܽؕߏ଄ʹΑΔͱࢥΘΕΔً఺͕ෳ਺؍࡯͞
Εͨɽ͜ ͷً఺ͷߴ͞͸໿0.05 nmɼ௚ܘ͸໿1.0 nmͰ͋ΔɽຊݚڀͰ͸H:Si(111)
ද໘Λৠணج൘ͱͯ͠༻͍͍ͯΔͨΊɼH:Si(111)ج൘ද໘্ʹFeΛৠண͢Δલʹɼ
౎౓ɼج൘ද໘ͷ STM؍࡯Λߦ͍ɼฏୱੑ͓Αͼਗ਼ড়ੑͷධՁΛߦͳ͍ɼܽؕߏ
଄΍ෆ७෺͕ද໘্ʹଟ਺ଘࡏ͢Δ৔߹ɼͦͷج൘͸ഇغ͠ɼ৽ͨͳH:Si(111)ج
൘Λಋೖͨ͠ɽຊݚڀͰ༻͍ͨH:Si(111)ج൘ද໘͸ɼ͍ͣΕ΋ਤ 2.12(b)ʹࣔ͠
ͨ΋ͷͱಉఔ౓ͷ඼࣭Ͱ͋Γɼܽؕີ౓͸ 0.5× 104ݸ/µm2ఔ౓ͱे෼ʹ௿͘ɼ͜
ΕΒ͕੒௕ʹٴ΅͢Өڹ͸ɼ΄΅ແࢹ͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 2.12: H:Si(111)ج൘ද໘ͷSTM૾ͱߴ͞ϓϩϑΝΠϧɽ(a)200 × 200 nm2ɼVtip=+1.7
VɼI=100 pAɽ(b)40 × 40 nm2ɼVtip=+2.0 VɼI=100 pAɽ(c)4 × 4 nm2ɼVtip=+1.8
VɼI=120 pAɽ(d)4 × 4 nm2ɼVtip=−1.9 VɼI=120 pAɽ(e) (c)தͷഁઢʹԊͬͨߴ͞
ϓϩϑΝΠϧɽ
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(a)
(b)
[112]
[110]
[112]
[111]
ਤ 2.13: H:Si(111)ද໘ͷߏ଄Ϟσϧɽ(a)্໘ਤɼ(b)ଆ໘ਤɽ͜ͷߏ଄ϞσϧͰ͸தԝ
ʹ [1 1 0]ํ޲ʹԆͼΔεςοϓͱɼͦͷεςοϓʹΑִͬͯͯΒΕͨ 1ݪࢠ૚ߴ͕͞ҟͳ
Δ 2ͭͷςϥεΛ͍ࣔͯ͠Δɽ͜ͷεςοϓ͕ԼΔํ޲ͷ݁থํҐ͕ [1 1 2]ํ޲Ͱ͋Δɽ
ද໘ిࢠঢ়ଶ
ਤ 2.14͸H:Si(111)ද໘Ͱऔಘͨ͠ STSεϖΫτϧͰ͋ΔɽSiͷόϯυΪϟοϓ
1.1 eVͱ͍ۙɼ෯໿ 1.2eVͷΤωϧΪʔΪϟοϓ͕؍ଌ͞Ε͓ͯΓɼΪϟοϓதʹ
ଞͷ४Ґ͸ଘࡏ͠ͳ͍ɽաڈʹใࠂ͞ΕͨH:Si(111)ද໘ͷ STSεϖΫτϧ [106]
ͷܗঢ়͸ຊݚڀͷ΋ͷͱྨࣅ͍ͯ͠Δ͕ɼΪϟοϓ෯͸ຊݚڀͷ݁ՌΑΓ΋େ͖
͍ (໿ 2 eV)ɽ·ͨɼຊݚڀͰऔಘͨ͠ STSεϖΫτϧͰ͸ɼਖ਼όΠΞεిѹͰ
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͸+0.7 V෇ۙɼෛόΠΞεిѹͰ͸−0.5 V෇͔ۙΒٸܹʹඍ෼ίϯμΫλϯε
্͕ঢ͓ͯ͠ΓɼͦΕͧΕ+1.1 Vɼ−0.7 V෇ۙʹϐʔΫ͕ೝΊΒΕΔɽ͜ͷΑ͏
ͳH:Si(111)ද໘ͷ STSεϖΫτϧͷಛ௃͸ɼୈҰݪཧܭࢉʹΑΔ݁Ռ [107]ͱྑ
͘Ұக͢Δɽ͜ͷܭࢉ݁ՌͰ͸ɼόϯυΪϟοϓͷ྆୺Ͱ؍࡯͞Εͨ 2ͭͷిࢠঢ়
ଶͷϐʔΫ͸ɼୈ 1૚ SiݪࢠʹΑΔ΋ͷͱ͞Ε͍ͯΔɽ
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ਤ 2.14: H:Si(111)ද໘ͷ STSεϖΫτϧɽ
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2.3 Feৠண
2.3.1 ৠணํ๏
ຊݚڀͰ͸ɼ఍߅Ճ೤ਅۭৠண๏Λ༻͍ͯH:Si(111)ج൘ද໘ʹFeΛৠணͨ͠ɽ
ંΓۂ͛ͨమઢ (Nilacoࣾ੡ 99.5 %)Λλϯάεςϯόεέοτʹ٧ΊࠐΈɼλϯ
άεςϯόεέοτΛ௚ྲྀిݯΛ༻͍ͯ௨ిՃ೤͢Δ͜ͱͰFeΛৠൃͤͨ͞ɽৠ
ண଎౓͓Αͼৠணྔ͸ਫথৼಈࢠࣜບްܭ (INFICONࣾ੡)Λ༻͍ͯଌఆͨ͠ɽ͜
ͷ࣌ɼৠண଎౓ͷ੍ޚ͸ɼλϯάεςϯόεέοτʹྲྀ͢ిྲྀ஋Λௐ੔͢Δ͜ͱ
ͰߦͬͨɽFeৠணதʹ͓͚Δਅۭ౓͸ɼ5×10−7 PaҎԼͰ͋ͬͨɽද 2.3ʹ͸ຊ
ݚڀʹ͓͚Δ Feͷৠணͷ৚݅Λ·ͱΊͯ͋Δɽ
ද 2.3: Feৠணͷ֤৚݅
ৠணਅۭ౓ 5×10−7 PaҎԼ
ج൘Թ౓ ࣨԹ (18 ˆ)
ৠண଎౓ 0.02 ML/minɼ1.3 ML/minɼ8.4 ML/min
Fe 1 ML 7.07 ×1014 atom/cm 2
Feͷৠணྔ͸ɼbccߏ଄Λ༗͢Δ Fe(111)໘ͷ୯Ґ໘ੵ͋ͨΓʹଘࡏ͢Δݪࢠ
਺Λ 1୯ݪࢠ૚ɿ(monolayrerɿML)ͱͯ͠׵ࢉ͍ͯ͠Δɽ͜Ε͸લड़ͨ͠Α͏ʹɼ
Fe͸ Si(111)ද໘্ʹ͓͍ͯ bccߏ଄ͷ Fe(111)഑޲Ͱ੒௕͍ͯ͠ΔͨΊͰ͋Δɽ
2.3.2 ৠண଎౓ͷݟੵ΋Γ
ຊݚڀͰ͸ɼλϯάεςϯόεέοτʹҰఆͷిྲྀΛྲྀ͢͜ͱͰৠணݯΛՃ೤
͍ͯ͠ΔͨΊɼҰఆԹ౓ʹୡ͢Δͷʹ͕࣌ؒཁ͢ΔͷʹՃ͑ɼৠணࡐྉͷྔ΍λϯ
άεςϯόεέοτʹର͢Δ઀৮ͷ౓߹ͳͲʹΑͬͯ΋ৠண଎౓͕มԽ͢Δɽͦͷ
ͨΊɼਫথৼಈࣜບްܭʹΑͬͯଌఆͨ͠ੵࢉບްΛσʔλϩΨʔ (GRAPHTEC
ࣾ੡ɿmidi LOGGER GL900)Λ༻͍ͯه࿥͠ɼৠൃ଎౓͕҆ఆͨ͜͠ͱΛ֬ೝ͠
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͔ͯΒৠணΛߦͬͨɽਤ 2.15͸ৠண଎౓ 0.02 ML/minʹରԠ͢Δੵࢉৠணບްͷ
มԽΛࣔͨ͠΋ͷͰ͋Δɽ
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ਤ 2.15: ੵࢉ Feৠணບްͷ࣌ؒมԽɽ
λϯάεςϯόεέοτʹྲྀ͢ిྲྀΛॴఆͷ஋ʹઃఆͨ࣌͠ࠁΛɼৠண࣌ؒʢԣ
࣠ʣͷ 0ʹऔ͍ͬͯΔɽܭଌ͞ΕΔੵࢉບްͷมԽ͸ɼ͸͡Ί͸ٸܹʹ૿Ճ͠ɼͦ
ͷޙ؇΍͔ʹͳΔɽҰ࣌తʹܭଌ͞ΕΔੵࢉບް͕ݮগ͢Δ͕ɼͦͷޙ͸ɼ਺࣌
ؒʹ౉ͬͯҰఆͷ଎౓Ͱບް͕૿Ճ͍ͯ͠Δɽ͜ͷΑ͏ͳॳظஈ֊ʹ͓͍ͯੜ͡
ΔෆنଇͳมԽ͸ɼৠணݯ͕೤ฏߧʹୡ͍ͯ͠ͳ͍͜ͱʹՃ͑ɼບްͷଌఆʹ༻
͍͍ͯΔਫথৼಈࢠ͕ɼৠணݯ͔Βͷ᫔ࣹ೤Λड͚ͯ೤ฏߧʹୡ͍ͯ͠ͳ͍͜ͱ
ͳͲ΋Өڹ͍ͯ͠ΔɽຊݚڀͰ͸ɼిྲྀ஋Λॴఆͷ஋ʹઃఆ͔ͯ͠Β̑࣌ؒҎ্
ܦա͠ɼੵࢉບްͷ૿Ճ͕Ұఆʹͳͬͨ͜ͱΛ֬ೝͨ͠ޙʹৠணΛߦͬͨɽ
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ୈ3ষ Feͷ੒௕
3.1 ͸͡Ίʹ
ୈ 1ষͰड़΂ͨΑ͏ʹബບͷ੒௕աఔ͸ɼVolmer-Webe(VW)ܕ੒௕ɼFrack-van
der Merwe(FM)ܕ੒௕ɼStranski-Krastanov(SK)ܕ੒௕ͱ͍͏ 3ͭʹେ͖͘෼ྨ
͞ΕΔɽബບͷ੒௕աఔʹؔ͢Δݚڀ͸ɼ࣮ݧ໘ʹ͓͍ͯ͸ిࢠݦඍڸ΍ STMͱ
͍ͬͨߴ͍ۭؒ෼ղೳΛ΋ͭݦඍڸٕज़ʹΑͬͯൃల͖ͯͨ͠ɽҰํɼཧ࿦໘ʹ
͓͍ͯ͸ɼWaltonΒ [108]΍ Lewis-Cambell [109]ʹΑΔ֩ܗ੒ͷݪࢠ࿦తɼ౷ܭ
ྗֶతϞσϧ΍ ZinsmeisterΒʹΑΔബບ੒௕ૉաఔͷ֬཰աఔϞσϧ [2]͕ 1960
೥୅ʹఏҊ͞Ε͍ͯΔɽAmerΒ͸ [4]͜ΕΒͷϞσϧʹج͍ͮͯϞϯςΧϧϩɾ
γϛϡϨʔγϣϯΛߦͳ͍ɼ֩ܗ੒ஈ֊͔Β֩੒௕ஈ֊ʹ͓͚ΔεέʔϦϯάଇ
ΛٻΊͨɽ
ຊݚڀͰ͸ɼH:Si(111)ද໘্ʹ͓͚Δ Feͷ੒௕աఔΛ STMΛ༻͍ͯ؍࡯͠ɼ
ৠணྔ΍ৠண଎౓ʹґଘͨ͠FeΫϥελʔͷܗଶ΍਺ີ౓ͷมԽΛఆྔతʹௐ΂
ͨɽ͜ΕʹΑΓɼബບ੒௕աఔΛಛ௃͚ͮΔॏཁͳม਺Ͱ͋Δද໘֦ࢄ܎਺͓Α
ͼද໘֦ࢄΤωϧΪʔΛ࣮ݧతʹٻΊɼͦͷ஋ͷଥ౰ੑʹ͍ͭͯݕ౼ͨ͠ɽ
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3.2 FeΫϥελʔͷ੒௕
3.2.1 FeΫϥελʔͷ੒௕Ϟʔυ
ਤ 3.1ͷ (a)-(g)͸ࣨԹͰH:Si(111)ද໘্ʹ FeΛৠண଎౓ F=0.02 ML/minͰ
ৠணͨ͠ޙʹಘͨ STM૾Ͱ͋Δɽৠணྔ͸ɼ(a)0.04 MLɼ(b)0.1 MLɼ(c)0.2 MLɼ
(d)0.4 MLɼ(e)0.9 ML, (f)1.8 ML, (g)3.6 ML((a)30 × 30 nm2ɼ(b)-(g)40 × 40 nm2)
Ͱ͋Δɽଌఆ৚݅͸ɼʢaʣVtip=+1.6 V, I=300 pAɼʢbʣVtip=+1.6 V, I=220 pAɼ
ʢcʣVtip=+1.6 V, I=200 pAɼʢdʣVtip=+1.6 V, I=20 pAɼʢeʣVtip=+1.9 V, I=100
pA,ʢfʣVtip=+1.8 V, I=20 pA,ʢgʣVtip=+2.0 V, I=20 pAͰ͋ΔɽFeͷৠணʹ
Αͬͯج൘ද໘্ʹΫϥελʔ͕ܗ੒͞Εɼৠணྔ͕૿͢ʹ࿈ΕͯΫϥελʔ͕
੒௕͢Δͱͱ΋ʹɼ਺ີ౓͕૿͍͑ͯΔͷ͕Θ͔Δɽৠணྔ 3.6 MLͰ͸ɼج൘ද
໘ͷ΄ͱΜͲ͕FeΫϥελʔͰຒΊਚ͘͞Εͨɽਤ 3.1(h)ʹ͸ɼ(b)தͷFeΫϥ
ελʔΛ֦େ؍࡯ͨ͠΋ͷΛ͍ࣔͯ͠ΔɽFeΫϥελʔͷपғͰ͸ɼH:Si(111)ج
൘ද໘ͷ (1×1)ͷݪࢠ഑ྻ͕อ࣋͞Ε͍ͯΔ͜ͱ͕֬ೝͰ͖Δɽ͜ΕΑΓɼFe͸
H:Si(111)ද໘্Ͱɼ͵Ε૚Λܗ੒ͤͣʹΫϥελʔΛܗ੒͢ΔVolmer-Weberܕ
Ͱ੒௕͍ͯ͠Δ͜ͱ͕෼͔Δɽ
MartinΒ͸ɼ1 MLఔ౓ͷFeݪࢠΛH:Si(111)ද໘ʹࣨԹͰؾ૬ৠண͢ΔͱɼFe
ݪࢠ͸ Siج൘಺෦ʹ৵ೖ͠ɼୈ 3૚͓Αͼୈ 4૚ SiݪࢠΛஔ׵͢Δͱใࠂ͍ͯ͠
Δ [51]ɽGruytersΒ͸ɼࣨԹͰమϑλϩγΞχϯ (FePc)ΛH:Si(111)ද໘্ʹৠ
ண͢Δͱɼٵணͨ͠ FePc͸ج൘ද໘্Ͱ෼ղ͠ɼ෼ղʹΑͬͯੜͨ͡ Feݪࢠ͕
Siج൘಺෦ʹ৵ೖͯ͠ୈ 3૚ SiݪࢠΛஔ׵͢Δ͕ɼFeݪࢠΛৠணͨ͠৔߹ʹ͸ɼ
͜ͷΑ͏ͳஔ׵͸ੜ͡ͳ͍ͱใࠂͨ͠ [50]ɽຊݚڀʹ͓͍ͯ͸ɼਤ 3.1(a)Ͱࣔͨ͠
Α͏ʹɼFeৠணͷ͘͝ॳظஈ֊͔ΒFeΫϥελʔ͕ܗ੒͞Ε͓ͯΓɼΫϥελʔ
पғͷج൘ʹ͓͍ͯ΋GruytersΒʹΑͬͯใࠂ͞Ε༷ͨͳ಺෦΁ͷ৵ೖΛࣔࠦ͢
Δߏ଄͸؍࡯͞Εͳ͔ͬͨɽ͜͏ͨ͠ಛ௃͸ɼৠணྔ͕૿ͯ͠΋มΘΒͳ͔ͬͨ
͜ͱ͔ΒɼH:Si(111)ද໘্ʹৠணͨ͠ Feݪࢠ͕ج൘಺෦ʹ৵ೖͯ͠ SiݪࢠΛஔ
׵͢Δͱ͍͏MartinΒͷใࠂ͸ޡΓͱ͍͑Δɽ
ਤ 3.2͸ΑΓ޿͍ྖҬ (200 × 200 nm2)Λ؍࡯ͨ͠ STM૾Ͱ͋Δɽଌఆ৚݅͸ɼ
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ʢaʣVtip=+1.7 V, I=30 pA ʢbʣVtip=+1.6 V, I=26 pAɼʢcʣVtip=+2.0 V, I=20
pAɼʢdʣVtip=+1.8 V, I=20 pAɼʢeʣVtip=+2.1 V, I=20 pA, ʢfʣVtip=+2.0 V,
I=19 pA, ʢgʣVtip=+1.8 V, I=19 pAͰ͋ΔɽH:Si(111)ද໘্ʹܗ੒͞ΕΔ Fe
Ϋϥελʔ͸ɼج൘ͷςϥε্ʹແடংʹ෼෍͓ͯ͠Γɼεςοϓ୺΍ܽؕߏ଄
΁ͷ༏ઌతͳٵண͸ೝΊΒΕͳ͍ɽ͜ͷΑ͏ͳ Feͷ੒௕աఔΛཧղ͢ΔͨΊʹɼ
·ͣॳΊʹɼਤ 3.2ͷ STM૾Λݩʹ FeΫϥελʔͷαΠζ෼෍͓Αͼ਺ີ౓ͷ
มԽΛௐ΂ͨɽ
88 ୈ 3ষ Feͷ੒௕
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ਤ 3.1: Fe/H:Si(111)ද໘ͷ STM૾ ((a)30 × 30 nm2ɼ(b)-(g)40 × 40 nm2ɼ(h)5 × 5
nm2)ɽF=0.02 ML/minɽ(a)0.04 ML Vtip=+1.6 V, I=300 pAɽ(b)0.1 ML Vtip=+1.6 V,
I=220 pAɽ(c)0.2 ML Vtip=+1.6 V, I=200 pAɽ(d)0.4 ML Vtip=+1.6 V, I=20 pAɽ(e)0.9
ML Vtip=+1.9 V, I=100 pAɽ(f)1.8 ML Vtip=+1.8 V, I=20 pAɽ(g)3.6 ML Vtip=+2.0
V, I=20 pAɽ(h) (b)தͷFeΫϥελʔΛ֦େ؍࡯ͨ͠ STM૾ Vtip=+1.8 V, I=200 pAɽ
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ਤ 3.2: Fe/H:Si(111) ද໘ͷ STM ૾ (40 × 40 nm2)ɽF=0.02 ML/minɽ(a)0.04 ML
Vtip=+1.7 V, I=30 pAɽ(b)0.1 ML Vtip=+1.6 V, I=26 pAɽ(c)0.2 ML Vtip=+2.0 V,
I=20 pAɽ(d)0.4 ML Vtip=+1.8 V, I=20 pAɽ(e)0.9 ML Vtip=+2.1 V, I=20 pAɽ(f)1.8
ML Vtip=+2.0 V, I=19 pAɽ(g)3.6 ML Vtip=+1.8 V, I=19 pAɽ
90 ୈ 3ষ Feͷ੒௕
3.2.2 FeΫϥελʔͷαΠζ෼෍
ਤ 3.3͓Αͼਤ 3.4ʹৠண଎౓ F=0.02 ML/minͰܗ੒͞Εͨ FeΫϥελʔͷ
ߴ͞෼෍͓Αͼ໘ੵ෼෍ͷৠணྔґଘੑΛࣔ͢ɽ͜ΕΒ͸ɼݸʑͷ FeΫϥελʔ
ʹ͓͚Δ࠷େͷߴ͞ɼ͓ΑͼɼΫϥελʔ͕઎ΊΔ໘ੵΛ STM૾͔Βܭଌͯ͠࡞
੒͍ͯ͠Δɽ
ৠணྔͷ૿ՃͱڞʹΫϥελʔͷߴ͓͞Αͼ໘ੵ͕૿େ͍ͯ͠Δͷ͕ݟͯऔΕ
Δɽਤ 3.3͓Αͼਤ 3.4͔ΒٻΊ֤ͨৠணྔʹ͓͚Δ FeΫϥελʔͷߴ͓͞Αͼ
໘ੵͷฏۉ஋Λ·ͱΊͨ΋ͷΛද 3.1ʹɼάϥϑʹͨ͠΋ͷΛਤ 3.5ʹࣔ͢ɽΫϥ
ελʔͷߴ͓͞Αͼ໘ੵ͸ɼ͍ͣΕ΋ৠணॳظஈ֊Ͱٸܹʹ૿Ճ͠ɼͦͷޙ͸ม
Խ͕؇΍͔ʹͳΓ୯ௐʹ૿Ճ͢Δɽਤ 3.6͸Ϋϥελʔ໘ੵʹର͢ΔΫϥελʔߴ
͞ͷมԽΛࣔͨ͠άϥϑͰ͋Δɽ͜ΕΑΓɼΫϥελʔͷߴ͞ͱ໘ੵͷมԽ͸΄
΅ൺྫ͓ͯ͠Γɼࡾ࣍ݩతʹ੒௕͍ͯ͠Δ͜ͱ͕෼͔Δɽ
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ਤ 3.3: FeΫϥελʔͷߴ͞෼෍ ((a)0.04 MLɼ(b)0.1 MLɼ(c)0.2 MLɼ(d)0.4 MLɼ(e)0.9
MLɼ(f)1.8 MLɼ(g)3.6 ML)(F=0.02 ML/min)ɽ
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ਤ 3.4: FeΫϥελʔͷ໘ੵ෼෍ ((a)0.04 MLɼ(b)0.1 MLɼ(c)0.2 MLɼ(d)0.4 MLɼ(e)0.9
MLɼ(f)1.8 MLɼ(g)3.6 ML)(F=0.02 ML/min)ɽ
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ද 3.1: FeΫϥελʔͷฏۉߴ͞ͱฏۉ໘ੵ (F=0.02 ML/min)ɽ
ৠணྔ (ML) ߴ͞ (nm) ໘ੵ (nm2)
0.04 0.14 3.92
0.1 0.22 5.35
0.2 0.30 6.92
0.4 0.43 7.70
0.9 0.50 8.68
1.8 0.63 9.68
3.6 0.84 12.02
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ਤ 3.5: FeΫϥελʔͷฏۉߴ͓͞Αͼฏۉ໘ੵͷৠணྔґଘੑ (F=0.02 ML/min)ɽ
94 ୈ 3ষ Feͷ੒௕
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ਤ 3.6: FeΫϥελʔͷฏۉ໘ੵʹର͢Δฏۉߴ͞ͷؔ܎ (F=0.02 ML/min)ɽ
3.2.3 FeΫϥελʔͷ਺ີ౓มԽ
࣍ʹɺৠண଎౓ F=0.02 ML/minͰද໘ʹܗ੒͞ΕΔFeΫϥελʔͷ਺ີ౓ม
ԽΛௐ΂ͨɽFeΫϥελʔͷ਺ີ౓͸ɼSTM૾தͷΫϥελʔΛ਺͑ɼ୯Ґ໘ੵ
͋ͨΓʹଘࡏ͢ΔΫϥελʔͷ਺ͱͯ͠ࢉग़ͨ͠ɽٻΊ֤ͨৠணྔʹ͓͚ΔFeΫ
ϥελʔͷ਺ີ౓Λද 3.2ʹ͓ࣔͯ͠Γɼਤ 3.7͸ͦͷ݁ՌΛϓϩοτͨ͠΋ͷͰ
͋ΔɽΫϥελʔͷ਺ີ౓มԽ͸ɼৠணॳظஈ֊Ͱٸܹʹ૿Ճ͠ɼ0.4 ML෇ۙͰ
ͦͷมԽ͕؇΍͔ʹͳΔ͜ͱ͕෼͔Δɽ͜ͷΑ͏ͳΫϥελʔ਺ີ౓ͷಛ௃తͳ
มԽ͸ɼୈ 1ষͰऔΓ্͛ͨɼZinsmeisterΒʹΑΔബບ੒௕ૉաఔͷ֬཰աఔϞ
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σϧ [2]Ͱઆ໌͢Δ͜ͱ͕Ͱ͖Δɽ
ද 3.2: FeΫϥελʔͷ਺ີ౓มԽ (F=0.02 ML/min)ɽ
ৠணྔ (ML) ਺ີ౓ (/nm2)
0.04 0.0002
0.1 0.001
0.2 0.003
0.4 0.014
0.9 0.032
1.8 0.051
3.6 0.061
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ਤ 3.7: FeΫϥελʔͷ਺ີ౓มԽ (F=0.02 ML/min)ɽ
96 ୈ 3ষ Feͷ੒௕
3.3 FeΫϥελʔαΠζͷৠண଎౓ґଘੑ
ਤ3.8͓Αͼਤ3.9͸ɼͦ ΕͧΕɼFeΛৠண଎౓F=1.3 ML/minɼF=8.4 ML/min
Ͱৠணͨ͠ޙʹಘͨ STM૾Ͱ͋Δɽৠணྔ͸ɼਤ 3.8Ͱ͸ɼ(a)0.4 MLɼ(b)0.8
MLɼ(c)1.3 MLɼ(d)3.6 MLͰ͋Δɽଌఆ৚݅͸ɼʢaʣVtip=+2.0 V, I=20 pAɼʢbʣ
Vtip=+2.0 V, I=18 pAɼʢcʣVtip=+2.0 V, I=18 pAɼʢdʣVtip=+2.0 V, I=18 pAͰ
͋Δɽਤ 3.9Ͱ͸ɼৠணྔ͸ɼ(a)0.4 MLɼ(b)1.3 MLɼ(c)3.6 MLͰ͋Δɽଌఆ৚݅
͸ʢaʣVtip=+1.9 V, I=30 pAɼʢbʣVtip=+2.0 V, I=20 pAɼʢcʣVtip=+2.0 V, I=20
AͰ͋Δɽ؍࡯ൣғ͸શͯ 200 × 200 nm2Ͱ͋Δɽৠண଎౓ F=0.02 ML/minͷ
࣌ͱಉ༷ʹVolmer-WeberܕͰ੒௕Λ͍ͯ͠Δɽ
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ਤ 3.8: Fe/H:Si(111) ද໘ͷ STM ૾ (200 × 200 nm2)ɽF=1.3 ML/minɽ(a)0.4 ML
Vtip=+2.0 V, I=20 pAɽ(b)0.8 ML Vtip=+2.0 V, I=18 pAɽ(c)1.3 ML Vtip=+2.0 V,
I=18 pAɽ(d)3.6 ML Vtip=+2.0 V, I=18 pAɽ
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ਤ 3.9: Fe/H:Si(111) ද໘ͷ STM ૾ (200 × 200 nm2)ɽF=8.4 ML/minɽ(a)0.8 ML
Vtip=+1.9 V, I=30 pAɽ(b)1.3 ML Vtip=+2.0 V, I=20 pAɽ(c)3.6 ML Vtip=+2.0 V,
I=20 pAɽ
ৠண଎౓ F=0.02 ML/minͱಉ༷ʹɼ͜ΕΒͷ STM૾͔Β FeΫϥελʔͷߴ
͞෼෍ͱ໘ੵ෼෍ΛٻΊͨɽਤ 3.10͸ৠண଎౓F=1.3 ML/minɼਤ 3.11͸F=8.4
ML/minͰͷ݁ՌͰ͋Δɽ·ͨɼͦΕͧΕͷฏۉ஋Λɼද 3.3͓Αͼද 3.4ʹ·ͱ
Ίͨɽ
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ਤ 3.10: FeΫϥελʔͷߴ͞ ((a)0.4 MLɼ(b)0.8 MLɼ(c)1.3 MLɼ(d)3.6 ML)͓Αͼ໘
ੵ ((e)0.4 MLɼ(f)0.8 MLɼ(g)1.3 MLɼ(h)3.6 ML)ͷ෼෍ (F=1.3 ML/min)ɽ
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ਤ 3.11: FeΫϥελʔͷߴ͞ ((a)0.8 MLɼ(b)1.3 MLɼ(c)3.6 ML)͓Αͼ໘ੵ ((d)0.8
MLɼ(e)1.3 MLɼ(f)3.6 ML)ͷ෼෍ (F=8.4 ML/min)ɽ
100 ୈ 3ষ Feͷ੒௕
ද 3.3: FeΫϥελʔͷฏۉߴ͞ͱฏۉ໘ੵ (F=1.3 ML/min)ɽ
ৠணྔ (ML) ߴ͞ (nm) ໘ੵ (nm2)
0.4 0.19 4.05
0.9 0.27 6.85
1.8 0.34 7.33
3.6 0.42 8.42
ද 3.4: FeΫϥελʔͷฏۉߴ͞ͱฏۉ໘ੵ (F=8.4 ML/min)ɽ
ৠணྔ (ML) ߴ͞ (nm) ໘ੵ (nm2)
0.8 0.21 4.17
1.3 0.30 4.98
3.6 0.35 7.02
ਤ 3.12(a)͸ɼ3ͭͷҟͳΔৠண଎౓Ͱܗ੒͞ΕͨFeΫϥελʔͷߴ͞ͷฏۉ஋
Λɼ(b)͸໘ੵͷฏۉ஋Λ·ͱΊͨ΋ͷͰ͋Δɽ͍ͣΕͷৠணྔʹ͓͍ͯ΋ɼFeΫ
ϥελʔͷߴ͞͸ɼৠண଎౓͕଎͍΄Ͳ௿͘ɼFeΫϥελʔͷ໘ੵ͸ɼৠண଎౓
͕଎͍΄Ͳখ͍͜͞ͱ͕෼͔Δɽ͜ͷΑ͏ͳΫϥελʔαΠζͷৠண଎౓ґଘੑ
͸ɼج൘ද໘্ʹ͓͚Δݪࢠͷ֩ܗ੒ස౓ͷҧ͍ʹΑͬͯఆੑతʹཧղͰ͖Δɽͭ
·Γɼৠண଎౓͕஗͍΄Ͳج൘ද໘্ʹڙڅ͞ΕΔݪࢠͷ਺͕গͳ͍ͨΊʹɼ҆
ఆ֩ͷܗ੒ස౓͸௿͘ɼٵணݪࢠͷج൘ද໘্Ͱͷ֦ࢄ௕͕৳ͼɼେ͖ͳΫϥε
λʔ͕੒௕͢ΔɽҰํɼৠண଎౓͕଎͍ͱج൘্ͷ͋ΒΏΔͱ͜ΖͰ֩ܗ੒͕ੜ
͡ɼٵணݪࢠ͕ج൘ද໘্Λे෼ʹ֦ࢄ͢Δ͜ͱ͕Ͱ͖ͳ͘ͳΔͨΊɼখ͞ͳΫ
ϥελʔ͕ଟ਺ܗ੒͞ΕΔ͜ͱʹͳΔɽ
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ਤ 3.12: (a)FeΫϥελʔͷฏۉߴ͞ͷৠண଎౓ґଘੑɽ(b)FeΫϥελʔͷฏۉ໘ੵͷৠ
ண଎౓ґଘੑɽ
102 ୈ 3ষ Feͷ੒௕
3.4 FeΫϥελʔ਺ີ౓มԽͷৠண଎౓ґଘੑ
ද 3.5͓Αͼද 3.6͸ɼͦΕͧΕਤ 3.8͓Αͼਤ 3.9ʹࣔͨ͠ৠண଎౓ F=1.3
ML/min͓Αͼ F=8.4 ML/minͰৠணͨ࣌͠ͷ STM૾ʹ͓͚ΔΫϥελʔ਺ີ
౓ͷมԽΛ͓ࣔͯ͠Γɼਤ 3.13͸ 3ͭͷৠண଎౓Ͱৠணͨ࣌͠ͷɼৠணྔʹର͢
ΔFeΫϥελʔͷ਺ີ౓มԽΛ·ͱΊͨ΋ͷͰ͋Δɽৠண଎౓F=1.3 ML/min͓
Αͼ 8.4 ML/minͷ৔߹Ͱ͸ɼৠண଎౓F=0.02 ML/minͰ؍࡯͞ΕͨΫϥελʔ
਺ີ౓ͷมԽ͕ɼৠண్தͰ؇΍͔ʹͳΔͱ͍͏มԽ͸؍࡯͞Εͳ͔ͬͨɽ͜Ε
͸ɼৠண଎౓͕଎͍ͨΊʹɼৠணॳظஈ֊ͰΫϥελʔ਺ີ౓͕ٸܹʹ૿Ճ͢Δ
ஈ֊Λ؍࡯͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨͨΊͰ͋Δɽ
ද 3.5: FeΫϥελʔͷ਺ີ౓มԽ (F=1.3 ML/min)ɽ
ৠணྔ (ML) ਺ີ౓ (/nm2)
0.4 0.025
0.8 0.039
1.8 0.060
3.6 0.080
ද 3.6: FeΫϥελʔͷ਺ີ౓มԽ (F=8.4 ML/min)ɽ
ৠணྔ (ML) ਺ີ౓ (/nm2)
0.8 0.080
1.3 0.100
3.6 0.133
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1.3 ML/min
8.4 ML/min
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ਤ 3.13: FeΫϥελʔͷ਺ີ౓มԽͷৠண଎౓ґଘੑɽ
ਤ 3.14͸ɼ֤ৠண଎౓ (F=0.02 ML/min, 1.3 ML/min, 8.4 ML/min)Ͱ 3.6 ML
ͷFeΛH:Si(111)ද໘্ʹৠணͨ͠ޙʹಘͨSTM૾Ͱ͋Δɽଌఆൣғ͸શͯ 40 ×
40 nm2Ͱ͋Δɽଌఆ৚݅͸ɼʢaʣVtip=+2.0 V, I=20 pA,ʢbʣVtip=+2.0 V, I=18
pA, ʢcʣVtip=+2.0 V, I=20 pAͰ͋Δɽ͜ΕΒͷ STM૾͔Βɼৠண଎౓ΛมԽ
ͤͯ͞ಉҰྔͷFeΛৠணͨ͠৔߹ɼৠண଎౓͕଎͍΄ͲΫϥελʔ਺ີ౓͕૿Ճ
͍ͯ͠Δ͜ͱ͕෼͔Δɽ
104 ୈ 3ষ Feͷ੒௕
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ਤ 3.14: Feɿ3.6 ML/H:Si(111) ද໘ͷ STM ૾ (40 × 40 nm2)ɽ(a)F=0.02 ML/minɼ
Vtip=+2.0 V, I=20 pAɽ(b)F=1.3 ML/minɼVtip=+2.0 V, I=18 pAɽ(c)F=8.4 ML/minɼ
Vtip=+2.0 V, I=20 pAɽ
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3.5 FeΫϥελʔͷ੒௕աఔ
3.5.1 FeΫϥελʔ੒௕աఔͷϞσϧԽ
͜Ε·Ͱͷղੳ݁ՌΛ΋ͱʹɼFeΫϥελʔͷ਺ີ౓ (N)ͷมԽ͕ɼୈ 1ষͰ
ࣔͨ͠ബບ੒௕ૉաఔͷ֬཰աఔϞσϧͰಋ͍ͨۙࣅࣜ (1.15)ʹै͍ͬͯΔ͔Λ
ௐ΂ͨɽৠண଎౓ F=0.02 ML/minͷ৔߹ɼ0.4 ML෇ۙͰॳظ֩ܗ੒ஈ֊͔Β֩
ܗ੒ஈ֊ʹҠߦ͢Δ͜ͱ͕؍࡯͞ΕͨͨΊɼ0.5 ML Ҏ߱ͷมԽΛ΋ͱʹղੳΛ
ߦͬͨɽ
ਤ 3.15͸֤ৠண଎౓ʹ͓͚Δ FeΫϥελʔ਺ີ౓ͷৠணྔґଘੑΛ͍ࣔͯ͠
Δɽਤதͷ੺ઢ͸ɼFeΫϥελʔͷ਺ີ౓มԽΛN = aθbͷؔ਺ͰϑΟοςΟϯ
άͨ݁͠ՌͰ͋Δɽ͜͜ͰɼN ͸ FeΫϥελʔͷ਺ີ౓ɼθ͸ৠணྔ, a͸ఆ਺ɼ
b͸ θͷࢦ਺Ͱ͋ΔɽϑΟοςΟϯάʹΑͬͯಘΒΕ֤ͨৠண଎౓ʹ͓͚Δ a͓Α
ͼ bͷ஋Λද 3.7ʹࣔ͢ɽ͍ͣΕͷৠண଎౓Ͱ΋ࢦ਺ b͸ 1/3ʹ͍ۙ஋ΛͱΔ͜ͱ
͕෼͔Δɽਤதͷ੨ઢ͸ɼࢦ਺ bΛ 1/3ͱ͠ɼN = a
′
θ1/3ͷؔ਺ͰϑΟοςΟϯά
ͨ݁͠ՌͰ͋Δɽ྆ऀͷϑΟοςΟϯάͷ݁Ռ͸΄ͱΜͲಉ͡ͱͳͬͨɽैͬͯɼ
H:Si(111)ද໘্ʹ͓͚Δ Feݪࢠ͸ɼࣜ (1.15)Ͱࣔͨ͠ബບ੒௕ͷ֬཰աఔϞσ
ϧʹैͬͯ੒௕͍ͯ͠Δͱ݁࿦෇͚ΒΕΔɽ
106 ୈ 3ষ Feͷ੒௕
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ਤ 3.15: ֤ৠண଎౓ʹ͓͚Δ FeΫϥελʔͷ਺ີ౓มԽΛN = aθbͰϑΟοςΟϯά͠
ͨ݁Ռɽ(a)F=0.02 ML/minɼ(b)F=1.3 ML/minɼ(c)F=8.4 ML/minɽ
ද 3.7: ֤ৠண଎౓ʹ͓͚Δ a͓Αͼ bͷ஋ (N = aθb)ɽ
ৠண଎౓ F (ML/min) a b
0.02 0.040 0.351
1.3 0.050 0.394
8.4 0.088 0.325
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3.5.2 ֦ࢄ܎਺͓Αͼද໘֦ࢄΤωϧΪʔ
લ߲Ͱ֤ࣔͨ͠ৠண଎౓ʹ͓͚Δ FeΫϥελʔͷ਺ີ౓มԽΛN = a
′
θ1/3ͷ
ؔ਺ͰϑΟοςΟϯάͯ͠ಘΒΕͨఆ਺ a
′
Λ༻͍ΔͱɼH:Si(111)ද໘্ʹ͓͚Δ
Feݪࢠͷ֦ࢄ܎਺D͓Αͼද໘֦ࢄΤωϧΪʔEΛٻΊΔ͜ͱ͕Ͱ͖Δɽ܎਺ a
′
͸ɼ
N =
(
3F
D
)1/3
θ1/3 = a
′
θ1/3 (3.1)
Ͱ͋ΔͷͰɼ֦ࢄ܎਺D͓Αͼৠண଎౓ F Λ༻͍ͯɼ
a
′3
=
(
3
D
)
F (3.2)
ͱද͢͜ͱ͕Ͱ͖Δɽද 3.8ʹ֤ৠண଎౓ʹ͓͍ͯɼΫϥελʔ਺ີ౓มԽͷϑΟο
ςΟϯάʹΑͬͯಘΒΕͨ܎਺ a
′
ͷ஋Λ͍ࣔͯ͠Δɽਤ 3.16͸ɼ͜ͷ݁ՌΛԣ࣠
Λৠண଎౓Fɼॎ࣠Λ a
′3
ͱͯ͠ϓϩοτͨ͠΋ͷͰ͋Δɽ੺ઢ͸͜ͷϓϩοτΛ
1࣍ؔ਺ͰϑΟοςΟϯάͨ݁͠ՌͰ͋Δɽ͜ͷ܏͖͸ 3/D=1.24× 10−4sec/nm2
ͱͳΔͷͰɼ͜ΕΑΓ֦ࢄ܎਺D=2.42×104nm2/sec͕ಘΒΕΔɽ
ද 3.8: ֤ৠண଎౓ʹ͓͚Δ a
′
ͷ஋ (N = a
′
θ1/3)ɽ
ৠண଎౓ F (ML/min) F (/nm2ɾsec) a
′
0.02 0.010 0.040
1.3 0.75 0.050
8.4 4.90 0.088
108 ୈ 3ষ Feͷ੒௕
0 1 2 3 4 5
0
F (/(nm2࣭sec))
1×10-4
2×10-4
3×10-4
4×10-4
5×10-4
6×10-4
7×10-4
a
’3
 (
/n
m
4
)
ਤ 3.16: ֤ৠண଎౓ʹ͓͚Δ a
′3
ͷ஋Λ 1࣍ؔ਺ͰϑΟοςΟϯάͨ݁͠Ռɽ
֬཰աఔϞσϧʹ͓͚Δ֩ܗ੒ཧ࿦ʹ͓͍ͯɼج൘ද໘্ͷ୯ݪࢠͷ֦ࢄ͸ɼ͋
Δ֨ࢠ఺αΠτʹҐஔ͢Δ୯ݪࢠ͕࠷ۙ઀αΠτʹҠಈ͢ΔͨΊʹඞཁͳද໘֦
ࢄΤωϧΪʔোน (E)ʹΑͬͯࢧ഑͞Ε͍ͯΔɽج൘ද໘্ʹ͓͚Δ୯ݪࢠͷ 2࣍
ݩ֦ࢄʹ͓͍ͯɼ֦ࢄ܎਺D͸ɼEΛ༻͍ͯɼ
D = D0e
− EkbT (3.3)
ͱද͞ΕΔɽT ͸ج൘Թ౓ (K)ɼkb͸ϘϧπϚϯఆ਺ (8.6173× 10−5eV/K)Ͱ͋Δɽ
D0͸֦ࢄ܎਺̙ͷৼಈ਺ҼࢠͰ͋Γɼج൘֨ࢠͷରশੑ͓Αͼ֨ࢠִؒʹΑͬͯఆ
ٛ͞ΕΔɽຊݚڀͰج൘ͱͯ͠༻͍ͨH:Si(111)ද໘͸࿡ํ֨ࢠͰ͋ΓɼH:Si(111)
ද໘ͷ֨ࢠִؒ (a0)͸ 0.384 nmͰ͋ΔͷͰɼD0 = νa02/6ͱͳΔɽν͸ࢼߦස౓Ͱ
͋Γɼٵணݪࢠͷయܕతͳ೤ৼಈ਺ͱͯ͠ ν ∼ 1012Λ༻͍ΔͱɼD0 = 2.458×1010
ͱͳΔɽࣜ (3.18)ΑΓද໘֦ࢄΤωϧΪʔE͸ɼ
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E = −kbT ln D
D0
(3.4)
ͱද͢͜ͱ͕Ͱ͖ΔͷͰɼਤ 3.16͔ΒٻΊ֦ͨࢄ܎਺D=2.42×104nm2/secΛ༻
͍ΔͱɼH:Si(111)ද໘্ʹ͓͚Δ Feݪࢠͷද໘֦ࢄΤωϧΪʔE͸ɼFeৠண࣌
ͷج൘Թ౓ T Λ T=300 Kͱ͢Ε͹ɼE=0.36 eVͱݟੵ΋ΒΕΔɽ
3.5.3 ֦ࢄ܎਺͓Αͼද໘֦ࢄΤωϧΪʔͷݕ౼
ຊݚڀͰɼৠண଎౓FͷมԽʹ൐͏Ϋϥελʔ਺ີ౓ͷมԽ͔ΒٻΊͨH:Si(111)
ද໘্ʹ͓͚ΔFeݪࢠͷ֦ࢄ܎਺͓Αͼද໘֦ࢄΤωϧΪʔͷ஋ʹ͍ͭͯݕ౼͢Δɽ
NakashimaΒ͸ɼա౉༰ྔ෼ޫ๏:DLTS๏ (Deep Level Transient Spectroscopy)
Λ༻͍ͯɼࣨԹͰͷόϧΫSiதʹ͓͚ΔFeݪࢠͷ֦ࢄ܎਺D=8.99× 100nm2/secɼ
֦ࢄΤωϧΪʔE=0.66 eVͱݟੵ΋ͬͨ [32]ɽόϧΫ Siதʹൺ΂ͯH:Si(111)ද
໘্ʹ͓͚Δ֦ࢄ܎਺͸ɼ4ܻେ͖͘ɼ֦ࢄΤωϧΪʔ͸൒෼ʹ·ͰͳΔɽ͜Ε͸ɼ
όϧΫதʹൺ΂ͯද໘্ͷํ͕֦ࢄ͠΍͍͢͜ͱΛ൓ө͍ͯ͠Δɽ
PalasantzasΒ͸ɼFeͱಉ͘͡Siͱߴ͍൓ԠੑΛࣔ͢ભҠۚଐݩૉͰ͋ΔCoΛਫ
ૉऴ୺ Si(100)[H:Si(100)]ද໘্ʹৠண͠ɼCoΫϥελʔͷ਺ີ౓มԽͷৠணྔґ
ଘੑ͔Βɼ֦ ࢄ܎਺D=2.21× 102nm2/secɼද໘֦ࢄΤωϧΪʔE=0.47 eVͱݟੵ
΋ͬͨ [33]ɽH:Si(100)ද໘্ʹ͓͚ΔCoݪࢠͱൺֱ͢Δͱɼ֦ࢄ܎਺͸ 2ܻେ͖
͘ɼද໘֦ࢄΤωϧΪʔ͸ 0.1 eVఔ౓খ͍͞ɽ͜ͷΑ͏ͳҧ͍͸ɼٵணݪࢠͱج൘
ͷ૊Έ߹Θͤͱ͍͏ܥͷҧ͍͚ͩͰͳ͘ɼج൘ද໘ࣗମͷ඼࣭΋Өڹ͍ͯ͠Δ΋ͷ
ͱߟ͍͑ͯΔɽPalasantzasΒ͕࡞੡ͨ͠H:Si(100)ͷܽؕີ౓ (1.6× 104ݸ/µm2)
ʹൺ΂ͯɼຊݚڀͰ࡞੡ͨ͠ H:Si(111)ද໘ͷܽؕີ౓ (0.5× 104ݸ/µm2)͸ 1/3
ఔ౓Ͱ͋ΔɽҰൠʹΫϥελʔͷ֩ܗ੒ස౓͸ɼৠணݪࢠͱج൘ͱͷ૊Έ߹Θͤ
͚ͩͰͳ͘ɼج൘ද໘ͷܽؕີ౓ʹ΋େ͖͘Өڹ͞ΕΔɽैͬͯɼຊݚڀͰ͸ɼܽ
ؕີ౓ͷ௿͍ߴ඼࣭ͳද໘Λج൘ͱͯ͠༻͍ͨ͜ͱʹΑͬͯɼਫૉऴ୺ Siද໘্
110 ୈ 3ষ Feͷ੒௕
ʹ͓͚ΔભҠۚଐݩૉຊདྷͷ֦ࢄ܎਺͓Αͼද໘֦ࢄΤωϧΪʔͱ͍͏෺ੑ஋Λ
ಘΔ͜ͱ͕Ͱ͖ͨ΋ͷͱߟ͍͑ͯΔɽ
111
ୈ4ষ FeΫϥελʔͷߏ଄
4.1 ͸͡Ίʹ
ୈ 3ষͰࣔͨ͠Α͏ʹɼࣨԹͰFeΛH:Si(111)ද໘্ʹৠண͢Δͱɼ͵Ε૚Λܗ
੒ͤͣʹΫϥελʔΛܗ੒͢ΔVolmer-WeberܕͰ੒௕Λ͢Δɽ͜ͷ࣌ʹܗ੒͞Ε
ΔFeബບͷ݁থߏ଄͸ɼXઢճં๏΍ిࢠઢճં๏Λ༻͍ͯݚڀ͞Ε͓ͯΓɼbcc
ߏ଄ͷ୯݁থ͕ (111)഑޲ͰΤϐλΩγϟϧ੒௕͢Δ͜ͱ͕ใࠂ͞Ε͍ͯΔ [41]ɽ
Si͸μΠϠϞϯυߏ଄ΛͱΓɼͦͷ֨ࢠఆ਺͸ 5.4309 A˚Ͱ͋Γɼbccߏ଄ͷFeͷ
֨ࢠఆ਺͸ 2.8664 A˚Ͱ͋Δɽ͜ΕΑΓɼSi{110}໘ִؒ͸ 1.9201 A˚ɼFe{110}໘
ִؒ͸ 2.0268 A˚ͳͷͰɼ֨ࢠෆ੔߹͸ 5.6 %Ͱ͋ΔɽΤϐλΩγϟϧ੒௕Λୡ੒
͢ΔͨΊʹඞཁͳ֨ࢠෆ੔߹ͷ্ݶ͸ɼܦݧతʹ໿ 15% [111]ͱ͞Ε͓ͯΓɼ͜Ε
ΑΓ΋খ͍͜͞ͱ͔ΒɼH:Si(111)ද໘্ʹ͓͍ͯ bccߏ଄Λ༗͢Δ Fe(111)໘͕
੒௕͢Δͱߟ͑ΒΕ͍ͯΔɽ͔͠͠ͳ͕ΒɼҰൠʹ bccߏ଄ͷ (111)໘͸ෆ҆ఆͰ
͋Δͱ͞Ε͓ͯΓɼͲͷΑ͏ͳաఔΛܦͯFe(111)ബບͷܗ੒ʹࢸΔͷ͔͸ڵຯ͕
࣋ͨΕΔɽ
Xઢճં๏΍ిࢠઢճં๏Ͱ͸ɼݪࢠ 1ͭ 1͕ͭͲͷΑ͏ͳաఔΛܦͯബບͱ
ͯ͠੒௕͍͔ͯ͘͠ͱ͍͏ɼݪࢠϨϕϧͰͷ੒௕աఔΛ໌Β͔ʹ͢Δ͜ͱ͸ࠔ೉
Ͱ͋Δɽͦ͜ͰຊݚڀͰ͸ɼH:Si(111)ද໘্ʹ͓͚Δ Feബບ੒௕ͷ͘͝ॳظஈ
֊ʹܗ੒͞ΕΔ FeΫϥελʔͷߏ଄ΛɼSTMʹΑΔݪࢠ෼ղೳ؍࡯Λ௨ͯ͠໌
Β͔ʹͨ͠ɽ
112 ୈ 4ষ FeΫϥελʔͷߏ଄
4.2 FeΫϥελʔͷੵ૚ߏ଄
ਤ 4.1(a)ɼ(b)ɼ(c)͸ͦΕͧΕɼࣨԹͰH:Si(111)ද໘্ʹFeΛৠண଎౓F=0.02
ML/minͰৠணͨ͠ޙʹಘͨ STM૾Ͱ͋Δɽৠணྔ͸ɼ(a) 0.04 MLɼ(b) 0.1 MLɼ
(c) 0.2 MLͰ͋Δɽଌఆൣғ͸ɼ(a) 30 × 30 nm2ɼ(b)ɼ(c) 40 × 40 nm2Ͱ͋Δɽଌ
ఆ৚݅͸ɼ(a)Vtip=+1.6 V, I=300 pA, (b)Vtip=+1.6 V, I=200 pA, (c)Vtip=+1.6
V, I=200 pAͰ͋Δɽਤ4.1ͷ (d)ɼ(e)ɼ(f)͸ͦΕͧΕɼৠண଎౓F=0.02 ML/min
Ͱɼ0.04 MLɼ0.1 MLɼ0.2 MLͷFeΛH:Si(111)ද໘ʹৠணͨ͠ޙʹ؍࡯ͨ͠Fe
Ϋϥελʔͷߴ͞෼෍Λࣔ͢ɽද 4.2ʹ͸ɼ֤ৠணྔͰ؍࡯͞ΕͨFeΫϥελʔͷ
ߴ͞ͷฏۉ஋Λ͍ࣔͯ͠Δɽৠணྔͷ૿େʹ൐ͬͯ FeΫϥελʔ͸ߴ͘ͳΓɼͦ
ͷ෼෍͸޿͕͍ͬͯΔ͜ͱ͕෼͔ΔɽͦΕͧΕͷৠணྔʹ͓͚ΔΫϥελʔߴ͞
෼෍ʹ͸ɼ0.04 MLͰ͸੺໼ҹͰࣔ͢Ґஔʹ 1ͭͷϐʔΫ͕ೝΊΒΕΔɽ0.1 ML
Ͱ͸ 3ͭͷϐʔΫ͕ଘࡏ͠ɼ0.2 MLͰ͸ 4ͭͷϐʔΫ͕ଘࡏ͢Δɽ
͜ΕΒ 3ͭͷৠணྔͰ؍࡯ͨ͠ɼFeΫϥελʔͷߴ͞෼෍Λશͯ଍͠߹Θͤͨ
΋ͷΛਤ 4.2ʹࣔ͢ɽΫϥελʔߴ͞෼෍ʹ͸ 4ͭͷϐʔΫ͕ଘࡏ͢ΔɽϐʔΫ
Ґஔ͸ࠨ͔Βɼ0.13 nmɼ0.22 nmɼ0.30 nmɼ0.38 nmͰ͋Δɽྡ઀ͨ͠ϐʔΫ
ؒڑ཭͸ࠨ͔Βɼ0.09 nmɼ0.08 nmɼ0.08 nmͰ͋Γɼ͓͓ΑͦશͯͷϐʔΫؒ
ڑ཭͕ಉ͡Ͱ͋Δ͜ͱ͕෼͔ͬͨɽbccߏ଄Λ༗͢Δ Fe(111)໘ͷ 1ݪࢠ૚ߴ͞͸
0.083 nmͰ͋Γɼ͜ΕΒͷϐʔΫؒڑ཭ͱΑ͘Ұக͢ΔɽैͬͯɼFeΫϥελʔ
͸H:Si(111)ද໘্ʹ͓͍ͯ੒௕ॳظஈ֊͔Β (111)഑޲ͨ͠ bccߏ଄Ͱ੒௕ͯ͠
͍Δ͜ͱ͕෼͔ͬͨɽ
4.2. FeΫϥελʔͷੵ૚ߏ଄ 113
(a)
0
.3
5
 n
m
0
 n
m
6.0nm
0
.3
8
 n
m
0
 n
m
(b)
8.0nm
0
.4
9
 n
m
0
 n
m
(c)
8.0nm
0 1 2 3 4 5
0
2
4
6
8
10
12
Island height [nm]
N
u
m
b
er
(d)
N
u
m
b
er
0 1 2 3 4 5
0
2
4
6
8
10
12
Island height [nm]
(e)
0 1 2 3 4 5
0
2
4
6
8
10
12
Island height [nm]
N
u
m
b
er
(f)
ਤ 4.1: Fe/H:Si(111)ද໘ͷ STM૾ ((a)0.04 MLɼ(b)0.1 MLɼ(c)0.2 ML)ͱ FeΫϥε
λʔͷߴ͞෼෍ώετάϥϜ ((d)ɼ(e)ɼ(f))ɽ(a)30 × 30 nm2ɼVtip=+1.6 V, I=300 pAɽ
(b)40 × 40 nm2ɼVtip=+1.6 V, I=200 pAɽ(c)40 × 40 nm2ɼVtip=+1.6 V, I=200 pAɽ
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ද 4.1: FeΫϥελʔͷฏۉߴ͞ɿ0.04 MLɼ0.1 MLɼ0.2 ML
ৠணྔ (ML) ߴ͞ (nm)
0.04 0.12
0.1 0.23
0.2 0.27
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ਤ 4.2: Feɿ0.04 MLɼ0.1 MLɼ0.2 MLͷ FeΫϥελʔશମͷߴ͞෼෍ώετάϥϜɽ
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4.3 FeΫϥελʔͷඍࢹతߏ଄
ਤ 4.2Ͱࣔͨ͠Α͏ʹɼ੒௕ॳظஈ֊ͰH:Si(111)ද໘্ʹܗ੒͞ΕͨFeΫϥε
λʔͷߴ͞෼෍ʹ͸ 4ͭͷϐʔΫ͕ଘࡏ͠ɼ͜ͷϐʔΫؒڑ཭͸ bccߏ଄Λ༗͢
Δ Feͷ (111)໘ͷ 1ݪࢠ૚ߴ͞ (0.083 nm)ͱྑ͍ҰகΛࣔͨ͠ɽैͬͯɼຊݚڀ
Ͱ͸ɼ࠷΋ߴ͕͞௿͍ϐʔΫҐஔ (0.13 nm)ʹରԠ͢Δ FeΫϥελʔΛ୯ݪࢠ૚
ߴ͞ͷΫϥελʔͱఆٛ͢Δɽ͜ΕʹΑΓɼϐʔΫҐஔ 0.22 nmɼ0.30 nmɼ0.38
nmʹରԠ͢Δ FeΫϥελʔ͸ͦΕͧΕɼ2ݪࢠ૚ߴ͞ɼ3ݪࢠ૚ߴ͞ɼ4ݪࢠ૚
ߴ͞ͷΫϥελʔͱͳΔɽ
ਤ 4.3͸ɼ(a)୯ݪࢠ૚ߴ͞ɼ(b) 2ݪࢠ૚ߴ͞ɼ(c) 3ݪࢠ૚ߴ͞ͷ FeΫϥε
λʔͷయܕతͳ STM૾Ͱ͋Δɽଌఆൣғ͸શͯ 5 × 5 nm2Ͱ͋Δɽଌఆ৚݅͸ɼ
(a)Vtip=+1.6 V, I=300 pA, (b)Vtip=+1.6 V, I=400 pA, (c)Vtip=−1.5 V, I=400
pAͰ͋Δɽ(d)ɼ(e)ɼ(f)͸ͦΕͧΕɼ(a)ɼ(b)ɼ(c)ͷ STM૾தʹࣔ͢ഁઢʹԊͬ
ͨߴ͞ϓϩϑΝΠϧͰ͋Δɽ
FeΫϥελʔͷߴ͞ʹґଘͨ͠಺෦ߏ଄ʹ஫໨͢Δͱɼ2ݪࢠ૚͓Αͼ 3ݪࢠ૚
ߴ͞ͷΫϥελʔͰ͸ɼ಺෦ʹ෼཭ͨ͠໌ྎͳً఺͸ଘࡏ͠ͳ͍΋ͷͷɼ಺෦ߏ
଄͕ଘࡏ͢Δ͜ͱ͕෼͔ΔɽҰํɼ୯ݪࢠ૚ߴ͞ͷΫϥελʔͰ͸ɼΫϥελʔ
಺෦ʹ෼཭ͨ͠໌ྎͳً఺Λࣔ͢಺෦ߏ଄͕ଘࡏ͓ͯ͠Γɼ͜ΕΒͷً఺ 1ͭ 1ͭ
͸FeݪࢠʹରԠ͢Δ΋ͷͱߟ͑ΒΕΔɽຊݚڀͰ؍࡯ͨ͠΄ͱΜͲશͯͷ୯ݪࢠ
૚ߴ͞ͷFeΫϥελʔʹ͓͍ͯɼ͜ͷΑ͏ͳ಺෦ߏ଄͕ೝΊΒΕͨɽͦ͜Ͱ·ͣ
ॳΊʹɼ͜ͷ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷߏ଄Λௐ΂ͨɽ
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ਤ 4.3: ୯ݪࢠ૚ɼ2ݪࢠ૚ɼ3ݪࢠ૚ߴ͞ͷ FeΫϥελʔ STM૾ͱߴ͞ϓϩϑΝΠϧɽ
(a)5 × 5 nm2ɼVtip=+1.6 V, I=300 pAɽ(b)5 × 5 nm2ɼVtip=+1.6 V, I=400 pAɽ(c)5
× 5 nm2ɼVtip=−1.5 V, I=400 pAɽ
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4.3.1 ୯ݪࢠ૚FeΫϥελʔͷߏ଄
·ͣ࠷ॳʹɼ୯ݪࢠ૚ߴ͞ͷFeΫϥελʔ಺෦ʹଘࡏ͢Δྡ઀ًͨ͠఺ؒڑ཭
ͷ౷ܭతͳ஋Λௐ΂ͨɽਤ 4.4(a)ɼ(b)ɼ(c)ʹ͸ɼਤ 4.3(a)ͱ͸ผʹ؍࡯ͨ͠୯ݪ
ࢠ૚ߴ͞ͷFeΫϥελʔͷ STM૾Λࣔ͢ɽଌఆൣғ͸શͯ 5 × 5 nm2Ͱ͋Δɽଌ
ఆ৚݅͸ɼ(a) Vtip=+1.7 V, I=160 pA, (b) Vtip=+1.6 V, I=400 pA, (c) Vtip=+1.6
V, I=140 pAͰ͋Δɽ(d)ɼ(e)ɼ(f)͸ͦΕͧΕ (a)ɼ(b)ɼ(c)ͷ STM૾தʹࣔ͢
ഁઢʹԊͬͨߴ͞ϓϩϑΝΠϧͰ͋Δɽ͜ΕΒͷ֤ STM૾தͰ؍࡯͞ΕͨΫϥε
λʔ಺෦ͷྡ઀ًͨ͠఺ؒڑ཭͸ 0.39±0.02 nmͰ͋ͬͨɽ
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ਤ 4.4: ୯ݪࢠ૚ߴ͞ͷ Fe Ϋϥελʔ STM ૾ͱߴ͞ϓϩϑΝΠϧɽ(a)5 × 5 nm2ɼ
Vtip=+1.7 V, I=160 pAɽ(b)5 × 5 nm2ɼVtip=+1.6 V, I=400 pAɽ(c)5 × 5 nm2ɼ
Vtip=+1.6 V, I=140 pAɽ
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࣍ʹɼH:Si(111)ද໘ͷݪࢠ഑ྻʹର͢Δ͜ΕΒͷً఺ҐஔΛ໌Β͔ʹ͢ΔͨΊ
ʹɼਤ 4.3(a)ͷ୯ݪࢠ૚ߴ͞ͷFeΫϥελʔͷSTM૾ʹɼ࠷ද໘ͷHݪࢠ͔Βୈ
3૚ Siݪࢠ·ͰΛඳ͍ͨH:Si(111)ද໘ͷ݁থߏ଄ϞσϧΛॏͶͨ΋ͷΛਤ 4.5(b)
ʹࣔ͢ɽ͜ͷߏ଄ϞσϧͰ͸੺ۄ͸ਫૉ (H)ɼ੨ۄ͸γϦίϯ (Si)Λࣔ͢ɽSiݪ
ࢠ͸ Si(111)໘͔Βݟͯ࠷ද໘ʹ͍ۙݪࢠ΄Ͳେ͖ͳۄͰࣔ͠ɼݪࢠؒͷڞ༗݁
߹͸๮Ͱ͍ࣔͯ͠Δɽਤ 4.4ʹࣔͨ͠୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔ಺෦ͷً఺ͱ
H:Si(111)ද໘ͷݪࢠ഑ྻͱͷҐஔؔ܎Λղੳͨ݁͠Ռ͸෇࿥Ͱ͍ࣔͯ͠Δɽਤ 4.6
͸ɼ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔ಺෦Ͱ؍࡯͞Εًͨ఺͕Ґஔ͢ΔH:Si(111)ද
໘ͷٵணαΠτΛ͓ࣔͯ͠Γɼද 4.2͸ɼͦΕΒͷً఺͕Ґஔ͢ΔαΠτͷׂ߹Λ
͍ࣔͯ͠Δɽ͜ͷ݁ՌΑΓɼ୯ݪࢠ૚ߴ͞ͷΫϥελʔʹଘࡏ͢Δ Feݪࢠ 1ݸʹ
ରԠ͢Δً఺ͷଟ͘͸ɼH:Si(111)໘ͷT4αΠτʹҐஔ͍ͯ͠Δ͜ͱ͕෼͔ͬͨɽ
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ਤ 4.5: ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷߏ଄Ϟσϧɽ(a)୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷ
STM૾ɽ(b) (a)ͷ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔ STM૾ʹH:Si(111)ද໘ͷߏ଄Ϟσϧ
ΛॏͶͨਤɽ
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T1 T4H3
B2
ਤ 4.6: Feݪࢠ͕Ґஔ͢ΔH:Si(111)ද໘ͷٵணαΠτɽ
ද 4.2: Feݪࢠ͕Ґஔ͢ΔH:Si(111)ද໘ͷٵணαΠτͷׂ߹ɽ
ٵணαΠτ T4 H3 B2 T1
ׂ߹ (%) 63 7 30 0
ਤ 4.7(a)͸୯ݪࢠ૚ߴ͞ͷFeΫϥελʔͷ্໘ਤͰ͋Γɼ(b)͸ (a)ͷ໼ҹͷํ
޲͔Βݟͨ࣌ͷଆ໘ਤΛ߶ମٿߏ଄ϞσϧͰࣔͨ͠΋ͷͰ͋ΔɽHͱ Si͸ਤ 4.5
ͱಉ͡දهͰ͓ࣔͯ͠Γɼᒵ৭ۄ͸ FeݪࢠΛࣔ͢ɽ͜͜Ͱɼ֤ݪࢠ൒ܘ͸ɼHɿ
0.032 nmɼSiɿ0.115 nmɼFeɿ0.125 nmͱ͍ͯ͠Δɽͨͩ͠ (a)Ͱ͸ɼFeݪࢠͷ
݁থ֨ࢠҐஔΛ෼͔Γ΍͘͢͢ΔͨΊʹɼԼ૚ʹ͋Δ Siݪࢠͷݪࢠ൒ܘΛ೚ҙͷ
େ͖͞ͰදΘ͍ͯ͠Δɽ
Feݪࢠ͕Ґஔ͢ΔT4αΠτؒڑ཭͸ɼਤ 4.7(a)Ͱࣔ͢Α͏ʹ 0.384 nmͰ͋Δɽ
Ұํɼbccߏ଄ͷ Fe(111)໘ͷ࠷ۙ઀ݪࢠؒڑ཭͸ 0.405 nmͰ͋Γɼ྆ऀͷ஋͸
͍ۙ͜ͱ͕෼͔Δɽैͬͯɼଟ͘ͷFeݪࢠ͕H:Si(111)ද໘ͷT4αΠτʹ༏ઌత
ʹٵண͢Δ͜ͱʹΑͬͯɼbccߏ଄Λ༗͢Δ Feബບͷ (111)഑޲͕ੜ͍ͯ͡Δͱ
ߟ͑ΒΕΔɽ
ਤ 4.7(b)ͷ߶ମٿϞσϧ͸ɼFeݪࢠ͕T4αΠτʹҐஔ͢Δୈ 2૚ Siݪࢠͱ௚
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্Ͱ઀͍ͯ͠Δ༷ࢠΛ͍ࣔͯ͠Δɽ࠷ද໘ʹ͋ΔHͷ௚্͔ΒFeݪࢠͷ௚্·Ͱ
ͷڑ཭͸ 0.108 nmͰ͋ΔɽҰํɼ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔ͕Hͷ্෦ʹ઀
ͯ͠ଘࡏ͍ͯ͠ΔͷͰ͋Ε͹ɼFeݪࢠͷݪࢠ൒ܘ͸ 0.125 nmͰ͋ΔͷͰɼ୯ݪࢠ
૚ߴ͞ͷ FeΫϥελʔͷߴ͞͸ 0.250 nmͱͳΔɽ͔͠͠ͳ͕ΒɼSTM؍࡯ʹΑ
Ε͹ɼͦͷߴ͞͸ɼपғͷج൘ද໘ͷ࠷্෦͔Β͓Αͦ 0.1 nmͰ͋ΓɼFeݪࢠ͕
ୈ 2૚ Siݪࢠͱ઀͍ͯ͠Δͱͨ͠ϞσϧͱΑ͘Ұக͢Δɽैͬͯɼਤ 4.7ͷߏ଄
Ϟσϧ͸ɼਤ 4.5ͷ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷߏ଄Λྑ͘આ໌͍ͯ͠Δɽ
H3 site
T4 site
T1 site
(b) QP
QP
QP
(a)
QP
QP
ਤ 4.7: H:Si(111)ද໘ʹܗ੒͞Εͨ୯ݪࢠ૚ FeΫϥελʔͷ߶ମٿϞσϧɽ(a)্໘ਤɽ
T4αΠτʹҐஔ͢Δ Feݪࢠؒڑ཭͸ 0.39 nmͰ͋ΓɼT4αΠτؒڑ཭͸ 0.384 nmͰ
͋Δɽ(b)ଆ໘ਤɽFeݪࢠ͕T4αΠτʹҐஔ͍ͯ͠Δ࣌ͷ FeݪࢠͱHͷߴ͞ʹ͸ 0.108
nmͷҧ͍͕͋Δɽ
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4.3.2 ଟݪࢠ૚FeΫϥελʔͷߏ଄
ਤ 4.3(b)ɼ(c)Ͱࣔͨ͠Α͏ʹɼ2ݪࢠ૚ߴ͓͞Αͼ 3ݪࢠ૚ߴ͞ͷଟݪࢠ૚ Fe
Ϋϥελʔʹ͸ɼ಺෦ʹ෼཭ͨ͠໌ྎͳً఺͸ଘࡏ͠ͳ͍ɽ͔͠͠ͳ͕Βɼৠண
ྔ͕૿͠ΫϥελʔαΠζ͕େ͖͘ͳΔͱɼΫϥελʔ಺෦ʹ࠶ͼً఺͕֬ೝͰ
͖ΔΑ͏ʹͳΔɽਤ 4.8(a)͸H:Si(111)ද໘্ʹ 3.6 MLͷFeΛৠணͨ͠ޙʹಘͨ
STM૾Λ 3࣍ݩͰදࣔͨ͠΋ͷͰ͋Δɽଌఆൣғ͸ 20 × 20 nm2Ͱ͋Δɽଌఆ৚
݅͸ɼVtip=+2.0 V, I=20 pAͰ͋Δɽ͜ΕΒͷେ͖͘੒௕ͨ͠FeΫϥελʔ಺෦
ʹ͸෼཭ͨ͠໌ྎͳً఺͕ଘࡏ͢Δ͜ͱ͕෼͔Δɽਤ 4.8(b)͸ਤ 4.8(a)தͷ໼ҹ
Ͱࣔͨ͠ 6ݪࢠ૚ߴ͞ͷ FeΫϥελʔΛ֦େ؍࡯ͨ͠ STM૾Ͱ͋Δɽଌఆൣғ
͸ 5 × 5 nm2Ͱ͋Δɽଌఆ৚݅͸ɼVtip=+2.0 V, I=20 pAͰ͋Δɽਤ 4.8(c)͸ਤ
4.8(b)தͷ໼ҹʹԊͬͨߴ͞ϓϩϑΝΠϧͰ͋Δɽ͜ΕΒਤ 4.8(a)ʹࣔ͢ଟݪࢠ
૚ߴ͞ͷFeΫϥελʔද໘ʹଘࡏ͢Δً఺ؒڑ཭ͷ౷ܭతͳ஋͸ɼ0.79±0.03 nm
Ͱ͋ͬͨɽ͜ͷً఺ؒڑ཭͸ɼਤ 4.3(a)͓Αͼਤ 4.4Ͱࣔͨ͠୯ݪࢠ૚ߴ͞ͷ Fe
Ϋϥελʔ಺෦ͷً఺ؒڑ཭ͱൺֱ͢Δͱɼ໿ 2ഒఔ౓ʹେ͖͘ͳ͓ͬͯΓɼό
ϧΫऴ୺͞Εͨ bccߏ଄ͷ Fe(111)ද໘ͷݪࢠ഑ྻ͔Β͸୯७ʹઆ໌Ͱ͖ͳ͍ɽ
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ਤ 4.8: Feɿ3.6 ML/H:Si(111)ද໘ͷ 3࣍ݩදࣔ STM૾ͱߴ͞ϓϩϑΝΠϧɽ(a)20 × 20
nm2ɼVtip=+2.0 V, I=20 pAɽ(b)5 × 5 nm2ɼVtip=+2.0 V, I=20 pAɽ(c) (b)ͷ໼ҹʹ
Ԋͬͨߴ͞ϓϩϑΝΠϧɽ
Fe(111)ද໘্ʹٵணͨ͠Feݪࢠͷڽूաఔʹ͍ͭͯߟ͑Δɽਤ 4.9(a)͸ɼbcc
ߏ଄Λ༗͢Δ Fe(111)ද໘্ʹɼᒵ৭ͷԁͰࣔͨ͠ 3ͭͷ Feݪࢠ͕ٵண͍ͯ͠Δ
༷ࢠΛ͍ࣔͯ͠Δɽ͜͜ʹ͞Βʹ΋͏̍ݸͷFeݪࢠ͕ٵண͢Δ৔߹ɼAͰࣔͨ͠
3ͭͷ౳ՁͳαΠτͷ͏ͪͷͲΕ͔ʹٵண͢Ε͹ɼਤ 4.9(b)Ͱࣔ͢Α͏ʹฏୱͳ
(111)໘Λܗ੒͢ΔɽҰํɼਤ 4.9(c)Ͱࣔ͢Α͏ʹɼBαΠτʹٵண͢Ε͹ɼطʹ
ଘࡏ͍ͯ͠Δ 3ͭͷ Feݪࢠʹ઀ཱͯ͠ମతͳߏ଄ΛͱΔ͜ͱʹͳΔɽ
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[112]
[011]
(b) (c)
(a)
A A
A
B
ਤ 4.9: Fe(111)ද໘্Ͱͷ FeΫϥελʔͷ੒௕աఔϞσϧɽ
͜ͷཱମతͳߏ଄Λඍࢹతʹݟͨ΋ͷΛਤ 4.10ʹࣔ͢ɽ͜ͷཱମߏ଄͸ਤதͷ
3ͭͷ໼ҹͰࣔ͢Α͏ʹɼ(110)໘ɼ(101)໘ɼ(011)໘ͱ͍͏ 3ͭͷ {110}ܥྻͷ
ϑΝηοτ໘Ͱғ·Εͨɼ{110}ϚΠΫϩϑΝηοτߏ଄ (φϊϚ΢ϯυߏ଄)Ͱ
͋Δ͜ͱ͕෼͔Δɽલड़ͨ͠Α͏ʹɼbccߏ଄ʹ͓͚Δ (110)໘͸ද໘ΤωϧΪʔ
͕࠷΋௿͍࠷҆ఆ໘Ͱ͋Δ͜ͱ͔Βɼଟݪࢠ૚ߴ͞ͷFeΫϥελʔ͕੒௕͢Δա
ఔʹ͓͍ͯɼਤ 4.9(b)Ͱࣔͨ͠ (111)໘Λܗ੒͢ΔΑΓ΋ཱମతͳφϊϚ΢ϯυ
ߏ଄Λܗ੒͢Δํ͕ɼΑΓ҆ఆͳߏ଄Ͱ͋Δͱߟ͑ΒΕΔɽ
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[112]
[011]
(101)
(011)
(110)
ਤ 4.10: {110}ܥྻϑΝηοτ໘Ͱғ·ΕͨϚΠΫϩϑΝηοτߏ଄ͷϞσϧɽ
ਤ 4.11(a)͸φϊϚ΢ϯυߏ଄ͷ্໘ਤͰ͋Γɼ(b)͸ (a)ͷ੺໼ҹʹԊͬͨଆ໘
ਤΛ͍ࣔͯ͠Δɽਤ 4.11(a)Ͱࣔͨ͠Α͏ʹɼ࠷ද໘ͷݪࢠؒڑ཭͸ 0.811 nmͱ
ͳΔɽ͜Ε͸ɼਤ 4.8Ͱࣔͨ͠େ͖͘੒௕ͨ͠ଟݪࢠ૚ߴ͞ͷ FeΫϥελʔʹଘ
ࡏ͢Δً఺ؒڑ཭ 0.79±0.03 nmͱΑ͘Ұக͢ΔɽҰํɼਤ 4.8(c)Ͱًࣔͨ͠఺ؒ
ͷίϧήʔγϣϯ͸ 0.13 nmͰ͋Γɼ߶ମٿϞσϧΛ༻͍ͨφϊϚ΢ϯυߏ଄Ͱ༧
ଌ͞ΕΔ࠷ද໘ݪࢠؒͰͷίϧήʔγϣϯ 0.332 nmͱൺֱ͢Δͱ൒෼ҎԼͱͳͬ
͍ͯΔɽSTMͰ͸ࢼྉද໘ͷిࢠঢ়ଶີ౓෼෍Λը૾Խ͍ͯ͠ΔͨΊɼࣗ༝ిࢠ
͕ଘࡏ͢Δۚଐද໘Ͱ؍࡯͞ΕΔίϧήʔγϣϯ͸ɼزԿֶతͳԜತʹൺ΂͔ͯͳ
Γখ͘͞ͳΔ͜ͱ͕஌ΒΕ͍ͯΔ [112]ɽਤ 4.8(c)Ͱًࣔͨ͠఺ؒͷίϧήʔγϣ
ϯ 0.13 nmͱ͍͏஋͸ɼฏୱͳFe(111)ද໘ͷίϧήʔγϣϯͱͯ͠͸େ͖͘ɼΉ
͠ΖཱମతͳφϊϚ΢ϯυߏ଄Λܗ੒͍ͯ͠Δ͜ͱΛࢧ࣋͢Δ݁ՌͰ͋Δɽ
͜ͷΑ͏ʹɼH:Si(111)ද໘্ʹ͓͚ΔFeΫϥελʔ͸ɼFe(111)ද໘্ʹφϊ
Ϛ΢ϯυߏ଄Λੵۃతʹܗ੒͠ͳ͕Β੒௕͍ͯ͠Δ͜ͱ͕໌Β͔ͱͳͬͨɽ
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(a)
(b)
0.811 nm
0.332 nm
ਤ 4.11: φϊϚ΢ϯυߏ଄Λܗ੒ͨ͠FeΫϥελʔͷߏ଄Ϟσϧɽ(a)ਤ 4.12(b)ͷφϊϚ
΢ϯυߏ଄Λܗ੒͍ͯ͠Δ෦෼ͷΈΛࣔͨ͠ߏ଄Ϟσϧͷ্໘ਤɼ(b)(a)ͷ੺໼ҹʹԊͬ
ͨଆ໘ਤɽ
੒௕ॳظஈ֊ʹܗ੒͞ΕͨFeΫϥελʔ͕ɼ͜ͷφϊϚ΢ϯυߏ଄Λ΋ͬͨFe
Ϋϥελʔʹ੒௕͢Δաఔʹ͍ͭͯߟ͑Δɽਤ 4.12ʹ͸ɼ(a)੒௕ॳظஈ֊͓Αͼ
(b)φϊϚ΢ϯυߏ଄Λܗ੒ͨ͠ FeΫϥελʔͷߏ଄ϞσϧΛ͍ࣔͯ͠Δɽલड़
ͨ͠Α͏ʹɼFeΫϥελʔͷ STM؍࡯Ͱ͸ɼ੒௕ॳظஈ֊Ͱܗ੒͞Εͨ 2ݪࢠ૚
͓Αͼ 3ݪࢠ૚ߴ͞ͷൺֱతখ͞ͳΫϥελʔͰ͸ɼΫϥελʔ಺෦ʹ෼཭ͨ͠
໌ྎͳً఺͸ଘࡏ͠ͳ͍ɽैͬͯɼ͜ͷஈ֊Ͱ͸φϊϚ΢ϯυߏ଄͸ܗ੒͞Εͯ
͍ͳ͍ͱߟ͑ΒΕΔɽҰํɼৠணྔ͕૿େͯ͠FeΫϥελʔ͕੒௕͢ΔͱφϊϚ
΢ϯυߏ଄Λܗ੒͢Δɽ͜ͷΑ͏ͳFeΫϥελʔͷ੒௕աఔʹ͸ɼH:Si(111)ج൘
ද໘ͷӨڹ͕ٴΜͰ͍Δ΋ͷͱߟ͑ΒΕΔɽઌड़ͨ͠Α͏ʹɼFeݪࢠ͸H:Si(111)
ද໘ͷT4αΠτʹ༏ઌతʹٵண͠ɼ͜ͷج൘ͷӨڹΛड͚Δ͜ͱͰ੒௕ॳظஈ֊
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͔Β Fe(111)໘Λܗ੒͍ͯ͠Δɽͭ·Γ͜ͷஈ֊Ͱ FeΫϥελʔ͸ɼ(111)ੵ૚
Ͱ layer by layer੒௕Λ͍ͯ͠Δɽ͔ͦ͜Β੒௕ͯ͠ບް͕ް͘ͳΔͱج൘ͷӨڹ
͕ऑ͘ͳΓɼෆ҆ఆͳ (111)໘Λղফ͢ΔͨΊʹ҆ఆͳφϊϚ΢ϯυߏ଄Λܗ੒͢
Δͱߟ͑ΒΕΔɽ͔͠͠ͳ͕ΒɼҰൠతʹΫϥελʔͷ੒௕Ͱ͸ɼͦͷද໘ੵΛ
࠷খʹ͢ΔΑ͏ͳܗଶΛͱΔɽͦ͏ߟ͑ΔͱɼφϊϚ΢ϯυߏ଄ͷܗ੒͸Ϋϥε
λʔද໘ੵΛ૿Ճ͍ͤͯ͞Δɽ͜Ε͸ɼH:Si(111)ද໘্ͰͷFeͷ੒௕͸ɼ3ݪࢠ
૚ఔ౓·Ͱ͸ج൘ͷӨڹ͕ڧ͘ٴΜͰ͍ͯ (111)ੵ૚Ͱ੒௕͢Δ͕ɼͦΕҎ߱Ͱ͸
Өڹ͕ऑ·Γɼ{110}҆ఆ໘Λܗ੒ͭͭ͠ද໘ੵΛԼ͛ΔΑ͏ʹ੒௕͍ͯ͠Δ͜ͱ
Λ͍ࣔͯ͠Δɽ
(a) (b)
ਤ 4.12: (a)੒௕ॳظஈ֊ͷ FeΫϥελʔߏ଄Ϟσϧ (3ݪࢠ૚ߴ͞)ɽ(b)φϊϚ΢ϯυ
ߏ଄Λܗ੒ͨ͠ FeΫϥελʔߏ଄Ϟσϧ (6ݪࢠ૚ߴ͞)ɽ
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ͼFe/Siք໘ঢ়ଶ
5.1 ͸͡Ίʹ
͜Ε·ͰߦΘΕ͖ͯͨ Fe/Siք໘ঢ়ଶͷݚڀ͸ɼओʹޫిࢠ෼ޫ๏ʹΑΔ޿͍
ྖҬ͔Βͷฏۉ৘ใʹجͮ͘ݚڀʹݶఆ͞Ε͍ͯΔɽ͔͠͠ͳ͕ΒɼSiද໘্ʹ
ྑ࣭ͳFeബບΛ࡞੡͠ɼք໘ঢ়ଶΛ΋ਫ਼ີʹ੍ޚ͢Δʹ͸ɼݪࢠϨϕϧͰͷ੒௕
ॳظաఔ͚ͩͰͳ͘ɼݪࢠϨϕϧͰͷFe/Siք໘ঢ়ଶ΋໌Β͔ʹ͠ͳ͚Ε͹ͳΒͳ
͍ɽͦ͜ͰຊݚڀͰ͸ɼඍࡉͳ FeΫϥελʔͱH:Si(111)ج൘ද໘ͱͷք໘ঢ়ଶ
ΛɼSTM/STSʹΑΔݪࢠ෼ղೳ؍࡯Λ௨ͯ͠໌Β͔ʹͨ͠ɽ
5.2 STSʹΑΔFeΫϥελʔͷిࢠঢ়ଶଌఆ
ਤ 5.1͸ (a)୯ݪࢠ૚ߴ͞ɼ(b)2ݪࢠ૚ߴ͞ɼ(c)3ݪࢠ૚ߴ͞ͷ FeΫϥελʔ
ͷ STM૾Ͱ͋Γɼ(d)͸ (a)ɼ(b)ɼ(c)ͷ֤FeΫϥελʔ͓ΑͼH:Si(111)ج൘ද
໘Ͱऔಘͨ͠τϯωϧిྲྀ (I)-όΠΞεిѹ (V)εϖΫτϧ [I(V)]Ͱ͋Δɽ͜ΕΒ
ͷεϖΫτϧ͸ɼCITSଌఆ͔Βൈ͖औͬͨ 100ݸఔ౓ͷεϖΫτϧͷۭؒฏۉͱ
͍ͯࣔͯ͠͠Δɽج൘ͷ I(V)εϖΫτϧʹ͸ɼ෯͕໿ 1.2 eVͷόϯυΪϟοϓ͕
؍࡯͞Εͨɽ3ݪࢠ૚ߴ͞ͷFeΫϥελʔͷ I(V)εϖΫτϧͰ͸ɼج൘ͷόϯυ
Ϊϟοϓʹ૬౰͢ΔΤωϧΪʔҐஔͰτϯωϧిྲྀ͕ੜ͓ͯ͡ΓɼθϩόΠΞεి
ѹͰ΋τϯωϧిྲྀ͕ೝΊΒΕͨɽ͜Ε͸ɼ3ݪࢠ૚ߴ͞ͷFeΫϥελʔ͕ɼϑΣ
ϧϛ४Ґ͕ຬͨ͞Εͨۚଐతͳిࢠঢ়ଶͰ͋Δ͜ͱΛ͍ࣔͯ͠ΔɽҰํɼ୯ݪࢠ૚
͓Αͼ 2ݪࢠ૚ߴ͞ͷ FeΫϥελʔͰ͸ɼಉ͘͡ج൘ͷόϯυΪϟοϓʹ૬౰͢
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ΔΤωϧΪʔҐஔͰτϯωϧిྲྀ͕ੜ͍ͯ͡Δ΋ͷͷɼθϩόΠΞεిѹͰ͸τ
ϯωϧిྲྀ͸ଘࡏͤͣɼΤωϧΪʔΪϟοϓ͕ੜ͍ͯ͡ΔɽΪϟοϓ෯͸ͦΕͧΕɼ
0.35 eVɼ0.12 eVͰ͋ΓɼΫϥελʔαΠζ͕খ͍͞΄ͲΪϟοϓ෯͕޿͘ͳΔɽ
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ਤ 5.1: ୯ݪࢠ૚ (੺ઢ)ɼ2ݪࢠ૚ (੨ઢ)ɼ3ݪࢠ૚ (྘ઢ)FeΫϥελʔͰऔಘͨ͠ I(V)
εϖΫτϧɽ
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͜ͷΑ͏ʹɼۚଐΫϥελʔͷαΠζʹґଘͯ͠όϯυΪϟοϓ෯͕มԽ͢Δͷ
͸ɼྔࢠαΠζޮՌʹΑΔ΋ͷͰ͋Δɽਤ 5.2(a)͸ඍখΫϥελʔ͔ΒόϧΫ·
ͰͷαΠζมԽʹ൐͏ిࢠঢ়ଶมԽΛ໛ࣜతʹࣔͨ͠΋ͷͰ͋ΔɽͦΕͧΕͷΫ
ϥελʔͷঢ়ଶͰࣔͨ͠ԣઢ͸ɼ཭ࢄԽͨ͠ΤωϧΪʔ४ҐΛ͍ࣔͯ͠Δɽ੨ؙ
͸ిࢠΛ͓ࣔͯ͠ΓɼͦΕͧΕͷ४Ґʹ 2ͭͷిࢠ͕ऩ༰͞Ε͍ͯΔ༷ࢠΛࣔ͠
͍ͯΔɽۚଐΫϥελʔͷαΠζ͕খ͍͞৔߹ʹ͸όϯυΪϟοϓ͕ੜ͡ɼ཭ࢄԽ
ͨ͠ΤωϧΪʔ४Ґͷִؒ͸޿͍ɽΫϥελʔαΠζ͕େ͖͘ͳΔͱͦͷΪϟοϓ
෯͸খ͘͞ͳΓɼΤωϧΪʔ४Ґͷִؒ΋ڱ͘ͳͬͯີʹͳ͍ͬͯ͘ɽ͞Βʹେ͖
͘ͳͬͯ࠷ऴతʹόϧΫʹͳΔͱΪϟοϓ͸ফ໓͠ɼϑΣϧϛ४ҐҎԼʹ࿈ଓతͳ
ిࢠঢ়ଶΛܗ੒͢Δɽਤ 5.2(b)͸૸ࠪτϯωϧ෼ޫ๏ (STS)ʹΑͬͯɼαΠζͷ
ҟͳΔۚଐΫϥελʔͷిࢠঢ়ଶΛଌఆͨ࣌͠ͷ I(V)εϖΫτϧΛ໛ࣜతʹࣔ͠
͍ͯΔɽ͜ͷ࣌ɼਤ 5.2(a)ͷΪϟοϓ෯ʹԠͯ͡ STSεϖΫτϧʹ΋Ϊϟοϓ͕ੜ
͡Δɽ
͜ͷΑ͏ͳྔࢠαΠζޮՌʹΑͬͯɼຊݚڀͰ؍࡯ͨ͠୯ݪࢠ૚͓Αͼ 2ݪࢠ
૚ߴ͞ͷFeΫϥελʔͷ STSεϖΫτϧʹ͸όϯυΪϟοϓ͕ੜ͡ɼͦͷ෯͸Ϋ
ϥελʔαΠζʹґଘͯ͠มԽͨ͠΋ͷͱߟ͑ΒΕΔɽFirstΒ͸ɼGaAs(110)ද
໘্ʹܗ੒ͨ͠FeΫϥελʔͷిࢠঢ়ଶมԽͷαΠζґଘੑΛ STSΛ༻͍ͯଌఆ
͓ͯ͠ΓɼFeΫϥελʔͷମੵ͕໿ 0.4 nm3͔Βۚଐతͳిࢠঢ়ଶʹͳΔͱใࠂ
͍ͯ͠Δ [55]ɽਤ 5.1(a)୯ݪࢠ૚ɼ(b)2ݪࢠ૚ɼʢcʣ3ݪࢠ૚ߴ͞ͷFeΫϥελʔ
ͷମੵ͸ͦΕͧΕɼ0.06 nm3ɼ0.37 nm3ɼ0.48 nm3Ͱ͋ΓɼGaAs(110)ද໘্Ͱ
੒௕ͨ͠ FeΫϥελʔͷαΠζʹґଘͨ͠ిࢠঢ়ଶมԽͱҰக͢Δɽ
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ਤ 5.2: ྔࢠαΠζޮՌʹΑͬͯඍখͳۚଐΫϥελʔʹݱΕΔόϯυΪϟοϓͷ໛ࣜਤɽ
EFɿϑΣϧϛ४ҐɼEgɿόϯυΪϟοϓɽ(a)ۚଐΫϥελʔαΠζʹґଘͨ͠όϯυΪϟο
ϓ෯ͷมԽɽ(b)STSଌఆʹΑΔόϯυΪϟοϓ΋ͭۚଐΫϥελʔͱόϧΫͷ I(V)εϖ
Ϋτϧɽ
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5.3 ޫిࢠ෼ޫ๏ʹΑΔ݁Ռͱͷൺֱ
ਤ 5.3͸ਤ 5.1Ͱࣔͨ͠୯ݪࢠ૚ɼ2ݪࢠ૚ɼ3ݪࢠ૚ߴ͞ͷFeΫϥελʔ͓Αͼ
H:Si(111)ද໘Ͱऔಘͨ͠ I(V)εϖΫτϧͷ਺஋ඍ෼ΑΓٻΊͨن֨Խඍ෼ίϯμ
Ϋλϯε [(dI/dV)/(I/V)]Ͱ͋Δɽ0V͸ϑΣϧϛ४Ґ (EF)Λࣔ͢ɽશͯͷFeΫϥ
ελʔͷεϖΫτϧͰɼϑΣϧϛ४Ґۙ๣ͷ઎༗ঢ়ଶʹ 1ͭͷӶ͍ϐʔΫΛࣔ͢४
Ґ͕؍࡯͞Εɼ͜ͷϐʔΫҐஔ͸୯ݪࢠ૚ߴ͞ͷΫϥελʔͰ͸EF−0.49 Vɼ2ݪ
ࢠ૚ߴ͞ͷΫϥελʔͰ͸ EF−0.44 Vɼ3ݪࢠ૚ߴ͞ͷΫϥελʔͰ͸ EF−0.31
VͰ͋ͬͨɽҰํɼඇ઎༗ঢ়ଶͰ໌֬ͳϐʔΫΛࣔ͢४Ґ͸ଘࡏ͠ͳ͔ͬͨɽ
ޫిࢠ෼ޫ๏ʹΑΔ Siج൘ද໘্ʹৠணͨ͠ Feബບͷిࢠঢ়ଶͷଌఆ݁Ռͱɼ
ຊݚڀͰಘͨSTSଌఆʹΑΔ݁ՌΛൺֱ͠ɼFeΫϥελʔͷిࢠঢ়ଶͷಛ௃ʹ͍ͭ
ͯߟ͑ΔɽMartinΒ [51]͸ɼH:Si(111)ද໘্ʹαϒϞϊϨʔϠʔ͔Β 3 ML·Ͱ
ͷFeΛৠண͠ɼͦͷՁిࢠଳͷిࢠঢ়ଶมԽΛ֯౓෼ղࢵ֎ޫిࢠ෼ޫ (ARUPS)
๏Λ༻͍ͯଌఆͨ͠ɽ͜ͷ݁ՌʹΑΔͱɼFeৠணྔ͕αϒϞϊϨʔϠʔͰ͸ɼਫ
ૉऴ୺Խ͞Εͨ SiʹΑΔ Si-HϘϯυ͓Αͼ Si-SiόοΫϘϯυʹΑΔද໘ঢ়ଶͷ
ଞʹɼϑΣϧϛ४Ґ௚ԼʹFeʹ༝དྷͨ͠৽ͨͳిࢠঢ়ଶ͕ੜ͍ͯ͡Δ͜ͱΛใࠂ
ͨ͠ɽৠணྔ͕ 0.5 MLҎ߱ʹͳΔͱɼද໘ঢ়ଶʹ༝དྷ͢Δిࢠঢ়ଶͷϐʔΫڧ౓
͸ݮগ͠ɼFeʹΑΔిࢠঢ়ଶͷϐʔΫڧ౓͸૿େ͢Δɽ͜ͷΑ͏ͳ Siද໘্ʹৠ
ணͨ͠Feബບͷޫిࢠ෼ޫଌఆʹ͓͍ͯɼϑΣϧϛ४Ґ௚ԼʹҐஔ͢Δిࢠঢ়ଶ
͸ɼFeͷ 3dঢ়ଶʹΑΔ΋ͷͰ͋Δ͜ͱ͕஌ΒΕ͍ͯΔ [113, 114]ɽैͬͯɼຊݚ
ڀͰ؍࡯ͨ͠ϑΣϧϛ४Ґۙ๣ͷ઎༗ঢ়ଶʹ͓͚Δిࢠঢ়ଶ͸ɼFeͷ 3dঢ়ଶʹΑ
Δ΋ͷͩͱߟ͑ΒΕΔɽ
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ਤ 5.3: ୯ݪࢠ૚ (੺ઢ)ɼ2ݪࢠ૚ (੨ઢ)ɼ3ݪࢠ૚ (྘ઢ)ߴ͞ͷ FeΫϥελʔ͓Αͼج
൘ͷن֨Խ STSεϖΫτϧɽ
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5.4 FeΫϥελʔपғͷ͘΅Έߏ଄
FeΫϥελʔͷඇ઎༗ঢ়ଶ૾ͷ؍࡯ʹ͓͍ͯɼΫϥελʔपғͷج൘ද໘্Ͱ
ిࢠঢ়ଶʹಛҟͳมԽ͕؍࡯͞Εͨɽਤ 5.4(a)͸ 0.2 MLͷFeΛH:Si(111)ද໘্
ʹৠணͨ͠ޙʹಘͨඇ઎༗ঢ়ଶͷSTM૾Ͱ͋Δɽ(b)͸ (a)தͷ 2ݪࢠ૚ߴ͞ͷFe
ΫϥελʔΛ֦େ؍࡯ͨ͠ STM૾Ͱ͋Δɽଌఆൣғ͸ (a)40 × 40 nm2ɼ(b)5 × 5
nm2Ͱ͋Δɽଌఆ৚݅͸ɼ(a) Vtip=−1.8 V, I=200 pA, (b) Vtip=−1.8V, I=250 pA
Ͱ͋Δɽਤ 5.4(a)Ͱࣔ͢Α͏ʹɼFeΫϥελʔͷඇ઎༗ঢ়ଶ૾Ͱ͸ɼ΄ͱΜͲશ
ͯͷΫϥελʔपғͷج൘ද໘ʹ҉͍͘΅Έߏ଄͕؍࡯͞Εɼ͜ͷ͘΅Έߏ଄͕
Ϋϥελʔͷपғʹ޿͕Δൣғ͸΄ͱΜͲಉఔ౓Ͱ͋ͬͨɽਤ 5.4(b)Ͱࣔ͢Α͏
ʹɼΫϥελʔपғͷ҉͍͘΅Έߏ଄͕޿͕Δൣғ͸ɼFeΫϥελʔͱH:Si(111)
ද໘ͷڥք͔Β 0.8nmʙ1.0 nmఔ౓Ͱ͋ΔɽFeΫϥελʔपғʹ޿͕Δ҉͍͘΅
Έߏ଄͸ɼΫϥελʔͷ઎༗ঢ়ଶ૾Ͱ͸؍࡯͞Εͳ͔ͬͨɽ͜ͷΑ͏ͳόΠΞε
ిѹͷۃੑʹґଘͯۚ͠ଐΫϥελʔपғͷ൒ಋମج൘ද໘ʹੜ͡Δిࢠঢ়ଶม
Խ͸ɼۚଐ/൒ಋମք໘ʹ͓͚ΔγϣοτΩʔ઀߹ͷܗ੒ʹΑͬͯੜ͡Δόϯυϕ
ϯσΟϯάͱɼSTM୳਑ʹΑΔ୳਑༠ىόϯυϕϯσΟϯάΛߟ͑Δ͜ͱͰઆ໌
͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 5.4: 2ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷඇ઎༗ঢ়ଶ STM૾ɽ(a)40×40 nm2ɼVtip=−1.8
V, I=200 pAɽ(b)5×5 nm2ɼVtip=−1.8 V, I=250 pAɽ
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5.5 γϣοτΩʔ઀߹ʹΑΔόϯυϕϯσΟϯά
ۚଐͱ൒ಋମΛ઀৮ͤ͞Δͱ੔ྲྀ࡞༻Λࣔ͢৔߹͕͋Γɼ͜Ε͸γϣοτΩʔ઀
߹ͱݺ͹ΕΔɽۚଐͱ൒ಋମͷ઀৮͕γϣοτΩʔ઀߹ʹͳΔ͔Ͳ͏͔͸ɼҰൠత
ʹ͸ۚଐͷ࢓ࣄؔ਺ͱ൒ಋମͷిࢠ਌࿨ྗͷҧ͍ʹΑͬͯཧղ͞Ε͍ͯΔɽۚଐ
ͷ࢓ࣄؔ਺Λ φMɼnܕ൒ಋମͷిࢠ਌࿨ྗΛ χSͱ͢Ε͹ɼφM > χSͱ͍͏ؔ܎
͕੒ཱ͍ͯ͠Δ৔߹͸γϣοτΩʔ઀߹Λܗ੒͢Δɽ
ୈ 4ষͰड़΂ͨΑ͏ʹɼH:Si(111)ද໘্ͰFeΫϥελʔ͸ bccߏ଄ͷ (111)഑
޲Ͱ੒௕͍ͯ͠ΔɽFe(111)໘ͷ࢓ࣄؔ਺ φFe͸ 4.81 eV [115]ͰɼSiͷిࢠ਌࿨ྗ
χSi͸ 4.05 eVͰ͋ΓɼφFe > χSiͱ͍͏ؔ܎͕੒ཱ͍ͯ͠Δ͜ͱ͔Βɼք໘Ͱ͸
γϣοτΩʔ઀߹͕ܗ੒͞ΕΔͱߟ͑ΒΕΔɽ
ਤ 5.5(a)͸FeΫϥελʔ͓ΑͼH:Si(111)ج൘͕ݽཱͨ͠ঢ়ଶʹ͋Δͱ͖ͷόϯ
υμΠΞάϥϜΛ͓ࣔͯ͠Γɼਤ 5.5(b)͸྆ऀ͕઀߹ͨ͠௚ޙͷঢ়ଶΛɼਤ 5.5(c)
͸઀߹ͨ͠ޙʹ೤ฏߧঢ়ଶʹୡͨ͠ঢ়ଶΛ͍ࣔͯ͠Δɽਤதͷදه͸ͦΕͧΕɼ
Evacɿਅۭ४ҐɼφFeɿFeΫϥελʔͷ࢓ࣄؔ਺ɼφH:SiɿH:Si(111)ͷ࢓ࣄؔ਺ɼχSiɿ
H:Si(111)ͷిࢠ਌࿨ྗɼVBMɿՁిࢠଳ্୺ͷΤωϧΪʔɼCBMɿ఻ಋଳԼ୺ͷ
ΤωϧΪʔɼEFɿϑΣϧϛ४ҐΛࣔ͢ɽFeΫϥελʔͱH:Si(111)ද໘͕઀৮͢Δ
ͱɼ࢓ࣄؔ਺ͷ௿͍H:Si(111)͔Β࢓ࣄؔ਺͕ߴ͍FeΫϥελʔ΁ిࢠ͕Ҡಈ͠ɼ
྆ऀͷϑΣϧϛ४Ґ͕Ұக͢Δɽͦͷ݁Ռɼਤ 5.5(c)Ͱࣔ͢Α͏ʹਅۭ४ҐʹͣΕ
͕ੜ͡Δɽ͜ͷϙςϯγϟϧͷࠩ͸઀৮ిҐࠩͱݺ͹Εɼ͜ΕʹΑͬͯ྆ऀͷؒ
ʹ͸ి৔͕ੜ͡Δɽ͜ͷ࣌ɼH:Si(111)͔ΒFeΫϥελʔʹҠಈͨ͠ిࢠʹΑͬͯ
FeΫϥελʔ/H:Si(111)ք໘ۙ๣ͷ FeΫϥελʔଆ͸ෛʹଳి͠ɼH:Si(111)ଆ
͸ਖ਼ʹଳి͢ΔɽۚଐͰ͋ΔFeΫϥελʔଆͷෛిՙ͸ःณޮՌʹΑͬͯ࠷ද໘
ͷΈʹ෼෍͢Δ͕ɼ൒ಋମͰ͋ΔH:Si(111)ଆͷਖ਼ిՙ͸ք໘͔Β͋Δఔ౓ͷਂ͞
·Ͱ޿͕ͬͯ෼෍ͯ͠ϙςϯγϟϧΛมԽͤ͞ɼਤ 5.5(c)Ͱࣔ͢Α͏ʹ Siͷ಺෦
͔Βք໘ʹ޲͔ͬͯόϯυ্͕޲͖ʹ࿷ۂ͠ɼ͍ΘΏΔۭؒిՙ૚Λੜ͡Δɽ͜
ͷΑ͏ͳۚଐ/൒ಋମք໘ͰͷγϣοτΩʔ઀߹ͷܗ੒ʹΑͬͯ൒ಋମଆͷόϯυ
͕ۂ͕Δݱ৅͕όϯυϕϯσΟϯάͰ͋Δɽ
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ਤ 5.5: FeΫϥελʔ/H:Si(111)ք໘ͰͷγϣοτΩʔোนͷܗ੒ʹ͓͚ΔόϯυμΠΞ
άϥϜɽ(a)FeΫϥελʔͱH:Si(111)͕઀߹͢Δલͷঢ়ଶɽ(b)FeΫϥελʔͱH:Si(111)
͕઀߹ͨ͠௚ޙͷঢ়ଶɽ(c)FeΫϥελʔͱ H:Si(111)͕઀߹ͨ͠ޙʹ೤ฏߧঢ়ଶʹୡ͠
ͨঢ়ଶɽ
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ຊݚڀͰର৅ͱ͍ͯ͠ΔɼۚଐΫϥελʔ͕൒ಋମද໘্ʹݽཱͯ͠ଘࡏͯ͠
͍ΔܥͰ͸ɼۭؒిՙ૚͸ք໘͔Β൒ಋମ಺෦΁޲͔͏ํ޲͚ͩͰͳ͘ɼۚଐΫϥ
ελʔ͔Β൒ಋମද໘ʹԊͬͯԣํ޲ʹ΋޿͕ͬͯੜ͍ͯ͡Δͱߟ͑ΒΕΔɽਤ
5.6(a)͸H:Si(111)ද໘্ʹܗ੒͞Εͨ FeΫϥελʔͷஅ໘ਤͱɼ͜ͷ࣌ͷ FeΫ
ϥελʔ/H:Si(111)ք໘ͰͷγϣοτΩʔ઀߹ͷܗ੒ʹΑͬͯج൘ද໘ʹੜۭͨ͡
ؒిՙ૚Λ໛ࣜతʹࣔͨ͠΋ͷͰ͋Δɽਤ 5.6(b)͸ਤ 5.6(a)ʹࣔͨ͠A఺ɼB఺ɼ
C఺ʹ͓͚ΔH:Si(111)ද໘ͷόϯυμΠΞάϥϜͰ͋Δɽ͜ͷਤͰ͸ԣ͕࣠Τω
ϧΪʔɼॎ͕࣠ਂ͞ํ޲ʹରԠ͍ͯ͠ΔɽFeΫϥελʔ͔Βڑ཭͕े෼཭Εۭͨ
ؒిՙ૚ͷӨڹ͕ଘࡏ͠ͳ͍A఺Ͱ͸ɼγϣοτΩʔ઀߹ͷܗ੒ʹΑͬͯੜ͡Δ
্޲͖ͷόϯυϕϯσΟϯάͷӨڹ͕ແ͍͜ͱ͔ΒɼSiج൘͸ฏୱͳόϯυߏ଄
Λͱ͍ͬͯΔɽ͜ͷA఺͔ΒɼB఺ɼC఺ͱ FeΫϥελʔʹۙͮ͘ʹैͬͯɼSi
ج൘಺෦ͰόϯυϕϯσΟϯά͸ঃʑʹେ͖͘ͳΔɽ
A B C
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Z
E
A B C
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Fe cluster
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ਤ 5.6: (a)FeΫϥελʔ/H:Si(111)ͷք໘ঢ়ଶɽFeΫϥελʔͷपғΛऔΓғΉΑ͏ʹ
ۭؒిՙ૚͕޿͕Δɽ(b)(a)Ͱࣔͨ͠A఺ɼB఺ɼC఺ʹ͓͚Δج൘ͷόϯυμΠΞάϥ
Ϝɽ
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͜ͷΑ͏ͳۭؒిՙ૚͕ܗ੒͞Ε͍ͯΔද໘Λ STM؍࡯ͨ͠৔߹ʹ͍ͭͯߟ͑
Δɽਤ 5.7(a)ɼ(b)͸ͦΕͧΕɼฏୱͳόϯυߏ଄ͷද໘͓Αͼ্޲͖ͷόϯυϕ
ϯσΟϯάΛ࣋ͭද໘ͷඇ઎༗ঢ়ଶ ( Vtip < 0)Λ؍࡯͢Δ࣌ͷ୳਑-ࢼྉόϯυμ
ΠΞάϥϜͰ͋Γɼਤ 5.6(a)ͷA఺͓ΑͼC఺Λ STM؍࡯͢ΔͷʹରԠ͢Δɽ͜
ͷΑ͏ʹ্޲͖ͷόϯυϕϯσΟϯά͕͋Δͱɼࢼྉଆͷτϯωϧঢ়ଶ਺͕ݮগ
͢ΔͨΊɼτϯωϧిྲྀ͸ݮগ͢Δɽैͬͯɼ্޲͖ͷόϯυϕϯσΟϯά͕ੜ
͍ͯ͡ΔྖҬ͸ɼฏୱͳόϯυߏ଄Λࣔ͢ྖҬʹൺ΂ɼSTMͷඇ઎༗ঢ়ଶ૾Ͱ͸
௜ΈࠐΜͰ؍࡯͞ΕΔͱߟ͑ΒΕΔɽ͜Ε͸ɼલड़ͨ͠FeΫϥελʔͷඇ઎༗ঢ়
ଶ૾ʹ͓͍ͯɼΫϥελʔपғʹ҉͍͘΅Έߏ଄͕؍࡯͞Ε࣮ͨݧ݁Ռͱྑ͘ର
Ԡ͍ͯ͠Δɽಉ༷ʹߟ͑Δͱɼ઎༗ঢ়ଶΛ؍࡯͢Δ৔߹͸ɼਤ 5.7(c)ɼ(d)Ͱࣔ͢
Α͏ʹɼ্޲͖ͷόϯυϕϯσΟϯά͕͋ΔྖҬͰ͸τϯωϧిྲྀ͕૿Ճ͠ɼฏ
ୱͳόϯυߏ଄Λࣔ͢ྖҬʹൺ΂ɼͤΓ্͕ͬͯ؍࡯͞ΕΔ͸ͣͰ͋Δɽ͔͠͠
ͳ͕Βɼຊݚڀʹ͓͚Δ઎༗ঢ়ଶ૾ͷ STM؍࡯Ͱ͸ɼFeΫϥελʔपғͷج൘
ද໘͸ฏୱͰ͋ΓɼͤΓ্͕ͬͨྖҬ͸؍࡯͞Εͳ͔ͬͨɽ͜ͷໃ६͸ɼ࣍અͰ
ड़΂ΔΑ͏ʹɼ୳਑༠ىόϯυϕϯσΟϯάͷޮՌΛߟྀ͢Δ͜ͱͰղফͰ͖Δɽ
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ਤ 5.7: ඇ઎༗ঢ়ଶ͓Αͼ઎༗ঢ়ଶͷ STM؍࡯ʹ༩͑ΔγϣοτΩʔ઀߹ʹΑΔόϯυϕ
ϯσΟϯάͷӨڹɽ(a)ඇ઎༗ঢ়ଶɿฏୱόϯυߏ଄ɽ(b)ඇ઎༗ঢ়ଶɿ্޲͖ͷόϯυϕ
ϯσΟϯάɽ(c)઎༗ঢ়ଶɿฏୱόϯυߏ଄ɽ(d)઎༗ঢ়ଶɿ্޲͖ͷόϯυϕϯσΟϯάɽ
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5.6 ୳਑༠ىόϯυϕϯσΟϯά
Ұൠతʹ൒ಋମͷ STM؍࡯Ͱ͸ɼ୳਑-ࢼྉؒͷڑ཭Λ 1 nmఔ౓ʹ·Ͱ͚ۙͮɼ
਺ϘϧτͷΦʔμʔͷిѹΛҹՃ͍ͯ͠ΔͨΊɼࢼྉද໘ʹ͸ۃΊͯߴ͍ి৔͕
࡞༻͍ͯ͠Δɽ͜ͷి৔ʹΑΓ൒ಋମද໘ۙ๣ͷόϯυ͕࿷ۂ͠ɼ୳਑༠ىόϯ
υϕϯσΟϯά (Tip Induced Band BendingɿTIBB)ͱݺ͹ΕΔޮՌ͕ੜ͡Δɽ
ਤ 5.8(a)͸ɼඇ઎༗ঢ়ଶ؍࡯ʹରԠ͢Δ୳਑ʹෛόΠΞεΛҹՃͨ࣌͠ͷόϯ
υμΠΞάϥϜͰ͋Δɽ୳਑ʹόΠΞεిѹΛҹՃ͍ͯ͠ͳ͍৔߹ɼج൘ͷόϯ
υߏ଄͸ɼࠇઢͰࣔ͢Α͏ʹࢼྉଆͷՁిࢠଳ্୺͓Αͼ఻ಋଳԼ୺ͰฏୱͰ͋
Δɽ୳਑ʹෛόΠΞεΛҹՃ͢Δͱɼ੺ઢͰࣔ͢Α͏ʹ TIBBʹΑͬͯ୳਑௚Լ
ͷࢼྉද໘ʹ্޲͖ͷόϯυϕϯσΟϯά͕༠ى͞ΕΔɽਤ 5.8(b)͸ҹՃ͢Δෛ
ͷόΠΞεిѹΛେ͖ͨ࣌͘͠ͷঢ়ଶΛ͍ࣔͯ͠ΔɽҹՃ͢ΔෛͷόΠΞεిѹ
Λେ͖͘͢Δͱɼ্޲͖ͷόϯυϕϯσΟϯά͸͞Βʹେ͖͘ͳΓɼՁిࢠ্୺
͕ϑΣϧϛ४Ґʹୡ͢ΔͱϐϯࢭΊ͞ΕΔɽҰํɼ઎༗ঢ়ଶ؍࡯ʹରԠ͢Δ୳਑
ʹਖ਼όΠΞεΛҹՃ͢Δͱɼਤ 5.8(c)ͷ੺ઢͰࣔ͢Α͏ʹɼԼ޲͖ͷόϯυϕϯ
σΟϯά͕༠ى͞ΕΔɽҹՃ͢Δਖ਼ͷόΠΞεిѹΛେ͖͘͢ΔͱɼԼ޲͖ͷό
ϯυϕϯσΟϯά͸͞Βʹେ͖͘ͳΓɼਤ 5.8(d)ʹࣔ͢Α͏ʹɼ఻ಋଳԼ୺͕ϑΣ
ϧϛ४Ґʹୡ͢ΔͱϐϯࢭΊ͞ΕΔɽnܕ൒ಋମͷ৔߹ɼϑΣϧϛ४Ґ͸఻ಋମ
Լ୺ͷ௚ԼʹҐஔ͍ͯ͠Δ͜ͱ͔ΒɼԼ޲͖ͷόϯυϕϯσΟϯάͷϐϯࢭΊ͸ɼ
্޲͖ͷόϯυϕϯσΟϯάʹൺ΂ͯ௿͍όΠΞεిѹͰੜ͡Δɽ
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n-type
H:Si(111)
n-type
H:Si(111)
n-type
H:Si(111)
n-type
H:Si(111)
CBM
EF
VBM
(b)(a)
CBM
EF
VBM
eV
tip
EF
(c)
eV
EF
tip
eV
tip
EF
eV
tip
EF
(d)
CBM
EF
VBM
CBM
EF
VBM
ਤ 5.8: ඇ઎༗ঢ়ଶ͓Αͼ઎༗ঢ়ଶͷ STM ؍࡯ʹ༩͑Δ୳਑༠ىόϯυϕϯσΟϯά
(TIBB)ͷӨڹɽ(a)୳਑ʹෛͷόΠΞεిѹΛҹՃ (ඇ઎༗ঢ়ଶ؍࡯)ɿTIBBʹΑΔ্޲
͖ͷόϯυϕϯσΟϯά͕༠ى͞ΕΕΔɽ(b)ඇ઎༗ঢ়ଶ؍࡯ɿ(a)ͱಉ༷ʹTIBBʹΑͬ
্ͯ޲͖ͷόϯυϕϯσΟϯά͕༠ى͞ΕΔ͕ɼՁిࢠଳ্୺͕ϑΣϧϛ४Ґʹୡ͢Δ͜
ͱͰϐϯࢭΊ͞ΕΔɽ(c)୳਑ʹਖ਼ͷόΠΞεిѹΛҹՃ (઎༗ঢ়ଶ؍࡯)ɿTIBBʹΑΔ
Լ޲͖ͷόϯυϕϯσΟϯά͕༠ى͞ΕΔɽ(d)઎༗ঢ়ଶ؍࡯ɿ(c)ͱಉ༷ʹTIBBʹΑͬ
ͯԼ޲͖ͷόϯυϕϯσΟϯά͕༠ى͞ΕΔ͕ɼ఻ಋଳԼ୺͕ϑΣϧϛ४Ґʹୡ͢Δ͜ͱ
ͰϐϯࢭΊ͞ΕΔɽ
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ຊݚڀʹ͓͚Δ FeΫϥελʔ/H:Si(111)ܥͷ STM؍࡯ʹ͓͍ͯ΋ɼલઅͰड़
΂ͨγϣοτΩʔ઀߹ͷܗ੒ʹΑΔόϯυϕϯσΟϯάʹՃ͑ͯɼTIBB͕ੜͯ͡
͍Δͱߟ͑ΒΕΔɽਤ 5.9͸ɼγϣοτΩʔ઀߹ͷܗ੒ʹΑΓ্޲͖ͷόϯυϕϯ
σΟϯά͕ੜ͍ͯ͡Δج൘ද໘Λɼ୳਑ʹਖ਼ͷόΠΞεిѹΛҹՃͯ͠઎༗ঢ়ଶ
ͷ STM؍࡯Λߦ͏࣌ͷόϯυμΠΞάϥϜͰ͋ΔɽAɼBɼC͸ɼਤ 5.6(a)தͷ
දهʹରԠ͍ͯ͠Δɽ઎༗ঢ়ଶͷ STM؍࡯࣌ʹ͓͚ΔTIBB͸ɼԼ޲͖ͷόϯυ
ϕϯσΟϯάΛ༠ى͢ΔͨΊɼγϣοτΩʔ઀߹ͷܗ੒ʹΑΔ্޲͖ͷόϯυϕ
ϯσΟϯάΛଧͪফ͢Α͏ʹ࡞༻͢Δɽࠓճج൘ͱͯ͠༻͍͍ͯΔ nܕ Siͷ৔߹ɼ
ϑΣϧϛ४Ґ͸఻ಋଳԼ୺ͷ௚ԼʹҐஔ͍ͯ͠ΔͨΊɼԼ޲͖ͷόϯυϕϯσΟ
ϯά͕ੜ͡Δͱɼ௿͍όΠΞεిѹͰ͋ͬͯ΋༰қʹϑΣϧϛ४Ґ͕఻ಋଳԼ୺
ʹୡͯ͠ϐϯࢭΊ͞Εͯ͠·͏ɽ͜ͷͨΊɼ઎༗ঢ়ଶ૾ͷ؍࡯Ͱ͸ɼਤ 5.9Ͱࣔ͢
Α͏ʹɼFeΫϥελʔ͔Βͷڑ཭ʹґଘͨ͠ిࢠঢ়ଶͷมԽ͕ແ͘ͳΔͨΊɼFe
ΫϥελʔͷपғͰͤΓ্͕ͬͨྖҬ͕؍࡯͞Εͳ͍͜ͱ͕આ໌Ͱ͖Δɽ
Z
CBM EF VBM Z Z
A C
EF EF EF
H:Si(111)
tip
H:Si(111)
tip
H:Si(111)
tipB
eV eV eV
CBM EF VBM CBM EF VBM
ਤ 5.9: FeΫϥελʔपลͷج൘ද໘ͷ઎༗ঢ়ଶΛ؍࡯ͨ࣌͠ͷ୳਑-ࢼྉόϯυμΠΞά
ϥϜɽAɼBɼC͸ͦΕͧΕਤ 5.6(a)Ͱࣔͨ͠A఺ɼB఺ɼC఺ʹରԠ͢Δɽ
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ඇ઎༗ঢ়ଶͷ STM؍࡯Ͱ͸ɼTIBB͸γϣοτΩʔ઀߹ͷܗ੒ʹΑΔ্޲͖ͷ
όϯυϕϯσΟϯάΛ͞Βʹେ͖͘͢ΔΑ͏ʹ࡞༻͢Δɽਤ 5.10(a)͸ɼ୳਑ʹෛ
ͷόΠΞεిѹΛҹՃͯ͠ඇ઎༗ঢ়ଶΛ STM؍࡯͢Δ࣌ͷόϯυμΠΞάϥϜͰ
͋Γɼ઎༗ঢ়ଶ؍࡯ͷ࣌ͱಉ༷ʹɼAɼBɼC͸ɼਤ 5.6(a)தͷදهʹରԠ͢Δɽ
γϣοτΩʔ઀߹ͷܗ੒ʹΑͬͯੜ্ͨ͡޲͖ͷόϯυϕϯσΟϯά͸ TIBBʹ
ΑͬͯΑΓେ͖͘ͳΔ͕ɼFeΫϥελʔपล΄Ͳ্޲͖ͷόϯυϕϯσΟϯά͕
େ͖͍ͨΊʹɼΫϥελʔपғʹ҉͍͘΅Έߏ଄Λੜ͡Δɽ୳਑ʹҹՃ͢Δෛͷ
όΠΞεిѹΛେ͖͘͢ΔͱɼTIBBʹΑΔ্޲͖ͷόϯυϕϯσΟϯά΋େ͖
͘ͳΔ͕ɼϑΣϧϛ४Ґ͕Ձిࢠଳ্୺ʹୡ͢ΔͱϐϯࢭΊ͞ΕΔɽैͬͯɼඇ
઎༗ঢ়ଶͷ STM؍࡯ʹ͓͍ͯ΋ɼे෼େ͖ͳόΠΞεిѹͰ؍࡯͢Δ৔߹͸ɼਤ
5.10(b)ʹࣔ͢Α͏ʹɼFeΫϥελʔ͔Βͷڑ཭ʹґଘͨ͠ిࢠঢ়ଶͷมԽ͸ফࣦ
͠ɼFeΫϥελʔपғͷ͘΅Έߏ଄͸؍࡯͞Εͳ͍ͱߟ͑ΒΕΔɽ
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ਤ 5.10: FeΫϥελʔपลͷج൘ද໘ͷඇ઎༗ঢ়ଶΛ؍࡯ͨ࣌͠ͷόϯυμΠΞάϥϜɽ
(a)ਤ 5.6(a)ͷ A఺ɼB఺ɼC఺ʹ͓͚ΔόϯυμΠΞάϥϜɽ(b)ҹՃ͢ΔόΠΞεి
ѹΛ (a)ΑΓେ͖ͨ࣌͘͠ͷA఺ɼB఺ɼC఺ʹ͓͚ΔόϯυμΠΞάϥϜɽ
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5.7 ͘΅Έߏ଄ͷόΠΞεిѹґଘੑ
લઅͰड़΂ͨΑ͏ʹɼඇ઎༗ঢ়ଶͷ STM؍࡯ͷΈͰ FeΫϥελʔपғʹ͓
͍ͯ؍࡯͞Εͨ͘΅Έߏ଄͸ɼγϣοτΩʔ઀߹ͷܗ੒ͱ TIBBʹΑΔ΋ͷͰ͋
Δͱߟ͑ΒΕΔɽ͜ͷϞσϧʹΑΕ͹ɼ͘΅Έߏ଄͸όΠΞεిѹͷۃੑ͚ͩͰ
ͳ͘ɼͦͷେ͖͞ʹΑͬͯ΋ݟ͑ํ͕มԽ͢Δ͜ͱʹͳΔɽͦ͜ͰɼSTMΛ༻
͍ͨ CITS(Current Image Tunneling Spectroscopy)ଌఆʹΑΓɼ͘΅Έߏ଄ͷό
ΠΞεిѹґଘੑΛௐ΂Δ͜ͱͰɼ্هϞσϧͷଥ౰ੑΛ࣮ݧతʹݕূͨ͠ɽਤ
5.11(a)͸ 3ݪࢠ૚ߴ͞Λ༗͢Δ FeΫϥελʔͷτϙάϥϑ૾Ͱ͋Δɽଌఆ৚݅
͸ɼVtip=−1.5V, I=400 pAͰ͋Δɽਤ 5.4ʹࣔͨ͠ඇ઎༗ঢ়ଶ૾ͱ͸ҟͳΓɼਤ
5.11(a)ͷτϙάϥϑ૾Ͱ͸ɼਤ 5.4ΑΓ΋௿͍όΠΞεిѹͰ͋Δʹ΋͔͔ΘΒ
ͣɼ2ͭͷFeΫϥελʔͷपғʹ͘΅Έߏ଄͸؍࡯͞Ε͍ͯͳ͍ɽ͜Ε͸ɼҰݟ͢
Δͱલड़ͷϞσϧͱໃ६͢ΔΑ͏ʹࢥΘΕΔ͕ɼࢼྉʹٴ΅͢TIBBͷେ͖͞͸ɼ
୳਑ઌ୺ͷۂ཰൒ܘ΍୳਑-ࢼྉؒڑ཭ʹΑͬͯҟͳΔ͜ͱ͕ࢦఠ͞Ε͓ͯΓ [116]ɼ
ҟͳΔ୳਑Λ༻͍ͯಘΒΕͨਤ 5.4ͱਤ 5.11ͷ STM૾Λ୯७ʹൺֱ͢Δ͜ͱ͸
Ͱ͖ͳ͍ɽຊݚڀͰ͸͜ͷΑ͏ͳ୳਑ͷঢ়ଶʹґଘͨ͠ᐆດ͞Λഉআ͢ΔͨΊʹ
CITSଌఆΛߦ͍ɼಉҰͷ୳਑Ͱτϙάϥϑ૾ͱɼిѹʹґଘͨ͠τϯωϧిྲྀ૾
Λಉ࣌ʹऔಘͨ͠ɽ
ਤ 5.11(b)ɼ(c)ɼ(d)͸ɼCITSଌఆʹΑͬͯऔಘͨ͠τϯωϧిྲྀ૾ΑΓٻΊͨ
ඍ෼ίϯμΫλϯε (dI/dV)૾Ͱ͋ΓɼόΠΞεిѹ͸ͦΕͧΕɼ(b)ɿVtip=−0.7
Vɼ(c)ɿVtip=−0.8 Vɼ(d)ɿVtip=−1.1 VͰ͋ΔɽdI/dV૾ʹݱΕΔFeΫϥελʔ
पғͷ҉͍ྖҬ͸ɼόΠΞεిѹ͕௿͍΄Ͳपғͷج൘ද໘ʹରͯ͠໌ྎʹݱΕɼ
όΠΞεిѹ͕ߴ͘ͳΔͱফࣦ͍ͯ͠Δɽ͜ͷ݁Ռ͸ɼલड़ͨ͘͠΅Έߏ଄ͷό
ΠΞεిѹґଘੑͱҰக͢ΔɽैͬͯɼFeΫϥελʔपғͰ؍࡯͞ΕͨH:Si(111)
ج൘ද໘ͷ͘΅Έߏ଄͸ɼFeΫϥελʔ/H:Si(111)ք໘ͰͷγϣοτΩʔ઀߹ʹ
Αͬͯੜͨ͡ہॴతͳόϯυϕϯσΟϯάʹ༝དྷ͍ͯ͠Δͱ݁࿦෇͚ΒΕΔɽ
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ਤ 5.11: 3ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷτϙάϥϑ૾ ((a)Vtip=−1.5VɼI=400 pA)ͱඍ
෼ίϯμΫλϯε૾ ((b)ɿVtip=−0.7 Vɼ(c)Vtip=−0.8 Vɼ(d)Vtip=−1.1 V)ɽ
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5.8 ۚଐ༠ىΪϟοϓ४Ґ
ਤ 5.12(a)͸ਤ 5.11(a)ʹࣔͨ͠΋ͷͱಉ͡ 3ݪࢠ૚ߴ͞Λ༗͢ΔFeΫϥελʔ
ͷτϙάϥϑ૾Ͱ͋Δɽଌఆ৚݅͸ɼVtip=−1.5V, I=400 pAͰ͋Δɽਤ 5.12(b)
͓Αͼ (c)͸ dI/dV૾Ͱ͋ΓɼόΠΞεిѹ͸ͦΕͧΕɼ(b)ɿVtip=+0.4 Vɼ(c)ɿ
Vtip=−0.4 VͰ͋Δɽ͜ͷΤωϧΪʔ͸ɼH:Si(111)ද໘ͷόϯυΪϟοϓ಺ʹ͋ͨ
Δɽ͜ΕΒͷdI/dV૾Ͱ͸ɼ(a)ͷτϙάϥϑ૾Ͱࣔ͞ΕΔFeΫϥελʔͷྖҬΛ
ಉҰͷԁͰ͍ࣔͯ͠Δɽਤ 5.12(b)ɼ(c)ΛݟΔͱɼFeΫϥελʔͷपғͷH:Si(111)
ج൘ද໘ʹ·Ͱిࢠঢ়ଶ͕޿͕͍ͬͯΔ͜ͱ͕෼͔Δɽਤ 5.12(d)ʹ͸ɼਤ 5.12(a)
ͷਤதʹ֤ࣔͨ͠఺Ͱऔಘͨ͠ STSεϖΫτϧΛࣔ͢ɽFeΫϥελʔ͔Βͷڑ཭
͕཭Εͨ a఺Ͱऔಘͨ͠εϖΫτϧ͸ɼFeৠணલͷ H:Si(111)ද໘ͷ΋ͷͱ΄ͱ
ΜͲಉ͡ܗଶΛ͕ࣔ͢ɼFeΫϥελʔۙ๣ͷ b఺Ͱऔಘͨ͠εϖΫτϧʹ͸ɼਤ
5.12(b)ɼ(c)Ͱࣔͨ͠H:Si(111)ج൘ද໘ʹ޿͕ͬͨిࢠঢ়ଶʹ૬౰͢Δిࢠ४Ґ
͕όϯυΪϟοϓ಺ʹଘࡏ͍ͯ͠Δ͜ͱ͕෼͔Δɽ
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ਤ 5.12: (a)3ݪࢠ૚ߴ͞ͷFeΫϥελʔͷSTM૾ɽ(b)dI/dV૾ɿVtip=+0.4 Vɽ(c)dI/dV
૾ɿVtip=−0.4 Vɽ(d) (a)ͷ֤఺Ͱऔಘͨ͠H:Si(111)ج൘ද໘ͷ STSεϖΫτϧɽ
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ਤ 5.13͸ɼਤ 5.12(a)தͷઢʹԊͬͯऔಘͨ͠ STSεϖΫτϧΛ̎࣍ݩදࣔ͠
ͨ΋ͷͰ͋ΓɼεϖΫτϧͷऔಘҐஔΛԣ࣠ɼόΠΞεిѹΛॎ࣠ʹͱΓɼ৴߸
ڧ౓ (dI/dV)Λର਺εέʔϧͷΧϥʔͰද͍ࣔͯ͠ΔɽΫϥελʔ͔Βӈଆͷڑ
཭͕཭Εͨ SiͷྖҬͰ͸ɼ໿ 1.2 eVͷόϯυΪϟοϓΛ࣋ͪɼฏୱͳόϯυߏ଄
Λ࣋ͭྖҬ͕ଘࡏ͓ͯ͠Γɼ͔ͦ͜ΒΫϥελʔʹ޲্͔ͬͯ޲͖ʹόϯυϕϯ
σΟϯά͍ͯ͠Δ༷ࢠ͕֬ೝͰ͖Δɽ͜ͷ্޲͖ͷόϯυϕϯσΟϯά͸ɼਤ 5.5
Ͱ໛ࣜతʹࣔͨ͠ FeΫϥελʔ/H:Si(111)ք໘Ͱܗ੒͞ΕͨγϣοτΩʔ઀߹ʹ
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ਤ 5.13: ਤ 5.12(a)ͷϥΠϯʹԊͬͯऔಘͨ͠ΫϩεηΫγϣϯ STSεϖΫτϧɽ
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ਤ 5.14: ਤ 5.13ͷ৴߸ڧ౓ (dI/dV)ΛઢܗεέʔϧͰදࣔͨ͠ΫϩεηΫγϣϯ STSε
ϖΫτϧɽ
ਤ 5.14͸ɼਤ 5.13ͷ৴߸ڧ౓ (dI/dV)ΛઢܗεέʔϧͰࣔͨ͠ STSεϖΫτϧ
ͷ̎࣍ݩදࣔͰ͋Δɽਤ 5.11(b)ͷ dI/dV૾Ͱࣔͨ͠Ϋϥελʔपғʹ͘΅Έߏ
଄͕ݱΕΔόΠΞεిѹ Vtip=−0.7 Vʹ͓͚Δిࢠঢ়ଶີ౓ͷۭؒ෼෍ (നഁઢ)
ΛݟΔͱɼFeΫϥελʔͷपลͰঢ়ଶີ౓͕ݮগ͍ͯ͠ΔྖҬ͕ೝΊΒΕΔɽ͜
ͷྖҬ͕ඇ઎༗ঢ়ଶ૾Ͱ؍࡯͞ΕͨɼFeΫϥελʔपลͷ͘΅Έߏ଄ʹରԠͯ͠
͍Δɽ
ਤ 5.13ͷFeΫϥελʔ/H:Si(111)ք໘෇ۙͷిࢠঢ়ଶʹ஫໨͢ΔͱɼFeΫϥε
λʔͷϑΣϧϛ४Ґۙ๣ͷ४Ґ͕ɼք໘͔Β 1 nmఔ౓ͷڑ཭ʹ౉ͬͯH:Si(111)ද
໘ͷόϯυΪϟοϓ಺ʹછΈग़͍ͯ͠Δ͜ͱ͕෼͔Δɽͦ͜Ͱɼ͜ͷόϯυΪϟο
ϓ಺ͷ४Ґͷۭؒ෼෍ΛΑΓৄ͘͠ௐ΂ͨɽ
ਤ 5.15(a)͓Αͼ (b)͸ɼ઎༗ঢ়ଶ͓Αͼඇ઎༗ঢ়ଶʹ͓͚ΔΪϟοϓ४Ґͷి
ࢠঢ়ଶີ౓ͷόΠΞεిѹґଘੑΛ͍ࣔͯ͠Δɽ(a)Ͱ͸ɼՁిࢠଳ্୺ͱϑΣϧ
ϛ४ҐͷؒͰɼ+0.05 Vʙ+0.65 V·ͰͷΤωϧΪʔൣғΛ 0.05 VࠁΈͰࣔͯ͠
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͓Γɼ(b)Ͱ͸ɼ఻ಋଳԼ୺ͱϑΣϧϛ४ҐͷؒͰɼ−0.05 Vʙ−0.3 V·ͰͷΤω
ϧΪʔൣғΛಉ͘͡ 0.05 VࠁΈͰ͍ࣔͯ͠ΔɽΪϟοϓ४Ґ͸Ϋϥελʔ͔Βͷ
ڑ཭ʹґଘͯ͠ࢦ਺ؔ਺తʹݮਰ͠ɼόΠΞεిѹ͕௿͍΄Ͳݮਰ͕ٸͰ͋Δ͜
ͱ͕෼͔Δɽ͜ͷ܏͖͔ΒΪϟοϓ४Ґͷݮਰڑ཭ΛٻΊɼόΠΞεిѹʹର͠
ͯϓϩοτͨ͠΋ͷ͕ਤ 5.15(c)Ͱ͋ΔɽΪϟοϓ४Ґͷݮਰڑ཭͸ɼϑΣϧϛ४
Ґʢ0Vʣ෇ۙͰ࠷΋୹͘ɼՁిࢠଳ্୺͓Αͼ఻ಋମԼ୺ʹۙͮ͘ʹͭΕͯ௕͘
ͳΔɽ͜ͷΑ͏ͳΪϟοϓ४Ґͷಛ௃͸ɼୈ 1ষͰઆ໌ͨۚ͠ଐ༠ىΪϟοϓ४Ґ
(MIGS)ͷಛ௃ͱҰக͢Δɽैͬͯɼਤ 5.12(a)͓Αͼ (b)Ͱࣔͨ͠ɼFeΫϥελʔ
पғͷH:Si(111)ج൘ද໘ʹ޿͕Δిࢠঢ়ଶ͸ɼMIGSͷۭؒ෼෍Λ؍࡯ͨ͠΋ͷ
Ͱ͋Δͱ݁࿦෇͚ΒΕΔɽ
Disntance [nm]
lo
g
(d
I/
d
V
) 
[a
rb
. 
u
n
it
]
0 1.00.8
-4.5
-4.0
-3.5
-3.0
-2.5
-2.0
-1.5
-1.0
0.60.40.2
(a)
D
ec
a
y
 l
en
g
th
 [
n
m
]
Tip bias voltage [V]
0.6 0.00.4 -0.4-0.20.20.8
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
CBMVBM(c)
-5.0
Disntance [nm]
lo
g
(d
I/
d
V
) 
[a
rb
. 
u
n
it
]
0 1.00.8
-4.5
-4.0
-3.5
-3.0
-2.5
-2.0
-1.5
-1.0
0.60.40.2
(b)
-5.0
ਤ 5.15: (a)઎༗ঢ়ଶ͓Αͼ (b)ඇ઎༗ঢ়ଶʹ͓͚ΔΪϟοϓ४Ґͷిࢠঢ়ଶີ౓ͷόΠΞ
εిѹґଘੑɽ(c)Ϊϟοϓ४Ґͷݮਰڑ཭ͷόΠΞεిѹґଘੑɽ
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ୈ6ষ ຊݚڀͷ૯ׅ
ຊݚڀͷ಺༰Λ૯ׅ͠ɼࠓޙͷ՝୊ʹ͍ͭͯड़΂Δɽ
ୈ1ষ ং࿦
ୈ 1ষͰ͸ɼݱ୅ࣾձʹ͓͚Δബບͷॏཁੑʹ͍ͭͯݴٴ͠ɼඍࡉԽ͕ਐల͠
ͨ൒ಋମσόΠεʹ༻͍ΒΕΔۚଐബບͰݦࡏԽͨ͠໰୊఺ʹ͍ͭͯड़΂ͨɽͦ
ΕΒͷ໰୊ղܾʹ͸ɼۚଐബບͷ੒௕աఔ͓Αͼۚଐബບ/ج൘ͷք໘ঢ়ଶΛݪࢠ
ϨϕϧͰղ໌͢Δ͜ͱ͕ٻΊΒΕΔ͜ͱΛड़΂ͨɽ·ͨɼۙ೥஫໨͞Ε͍ͯΔ Si
ϕʔεͷεϐϯτϩχΫεσόΠεͷ։ൃͱ͍͏؍఺͔Βɼ࣓ੑݩૉͱͯ͠࠷΋
యܕతͳ Feʹண໨͠ɼSiج൘ද໘্ʹ͓͚Δ Feͷ੒௕ʹؔͯ͠ɼ͜Ε·Ͱߦͳ
ΘΕ͖ͯͨݚڀʹ͍ͭͯ঺հͨ͠ɽͦͯ͠ɼ͜ΕΒͷݚڀͷ໰୊఺Λ໌Β͔ʹ͠ɼ
ຊݚڀͷ໨త͓Αͼҙٛʹ͍ͭͯड़΂ͨɽ
ୈ2ষ ࣮ݧํ๏
ୈ 2ষͰ͸ɼຊݚڀͰ༻͍ͨ STMͷҰൠతͳಈ࡞ݪཧɼ͓ΑͼɼSTM؍࡯ʹ
͓͍ͯݪࢠ෼ղೳ͕ಘΒΕΔݪཧʹ͍ͭͯɼཧ࿦తͳഎܠΛݩʹड़΂ͨɽՃ͑ͯɼ
ࢼྉͷہॴྖҬͷిࢠঢ়ଶΛଌఆ͢ΔͨΊͷ STSͷཧ࿦ʹ͍ͭͯ΋ड़΂ͨɽ࣍ʹɼ
ຊݚڀͰ Feͷৠணج൘ͱͯ͠༻͍ͨH:Si(111)ද໘ͷ࡞੡ํ๏ʹ͍ͭͯड़΂ɼͦ
ͷ STM/STSଌఆ͔Βج൘ද໘ͷਗ਼ড়ੑ͓Αͼిࢠঢ়ଶΛධՁͨ͠ɽͦͷ݁Ռɼա
ڈʹใࠂ͞ΕͨH:Si(111)ද໘ͱൺֱͯ͠ɼܽؕ΍ෆ७෺͕ۃΊͯগͳ͍ɼݪࢠϨ
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ϕϧͰਗ਼ড়ͳج൘ද໘͕࡞੡Ͱ͖͍ͯΔ͜ͱΛࣔͨ͠ɽ·ͨɼH:Si(111)ද໘΁ͷ
Feͷৠணํ๏ʹ͍ͭͯड़΂ͨɽ
ୈ3ষ Feͷ੒௕
ୈ3ষͰ͸ɼ3ͭͷҟͳΔৠண଎౓ (F=0.02ɼ1.3ɼ8.4 ML/min)ͰH:Si(111)ද໘
ʹFeΛৠண͠ɼද໘্ʹܗ੒͞ΕΔFeΫϥελʔͷ੒௕աఔΛSTMΛ༻͍ͯ؍࡯
ͨ͠ɽ͍ͣΕͷৠண଎౓ʹ͓͍ͯ΋ɼFe͸H:Si(111)ද໘্ͰVolmer-Weber(VW)
ܕͷ੒௕Λ͢Δ͜ͱ͕෼͔ͬͨɽ͞Βʹɼ֤ৠண଎౓ʹ͓͚ΔFeΫϥελʔͷ੒
௕ʹ൐͏਺ີ౓มԽ͔ΒɼH:Si(111)ද໘্ʹ͓͚Δ Feͷ੒௕͕֬཰աఔϞσϧ
ʹै͍ͬͯΔ͜ͱΛࣔͨ͠ɽ͜ͷϞσϧʹج͖ͮɼH:Si(111)ද໘্ʹ͓͚ΔFeݪ
ࢠͷද໘֦ࢄ܎਺͓Αͼද໘֦ࢄΤωϧΪʔΛݟੵ΋ͬͨɽ
ୈ4ষ FeΫϥελʔͷߏ଄
ୈ 4ষͰ͸ɼ੒௕ॳظஈ֊Ͱܗ੒͞ΕͨFeΫϥελʔͷݪࢠ෼ղೳ STM؍࡯Λ
ߦ͍ɼͦ ͷߏ଄Λௐ΂ͨɽFeΫϥελʔͷߴ͞෼෍͔ΒɼFeΫϥελʔ͸H:Si(111)
ද໘্ʹ͓͍ͯܗ੒ॳظஈ֊͔Β (111)഑޲ͨ͠ bccߏ଄Ͱ੒௕͍ͯ͠Δ͜ͱ͕෼
͔ͬͨɽ͞Βʹɼߴ෼ղೳ STM૾ʹج͍ͮͯɼ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷ
ߏ଄ϞσϧΛఏҊ͠ɼFeݪࢠ͸H:Si(111)ද໘ͷT4αΠτʹ༏ઌٵண͢Δ͜ͱΛ
໌Β͔ʹͨ͠ɽҰํɼେ͖͘੒௕ͨ͠ FeΫϥελʔͷද໘ʹݱΕΔߏ଄͸ɼbcc
ߏ଄ͷFe(111)ද໘ͷ୯७ͳݪࢠ഑ྻͰ͸આ໌͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨɽຊݚڀͰ
͸ɼbccߏ଄ʹ͓͚Δද໘ΤωϧΪʔΛߟྀ͠ɼͦͷߏ଄Ϟσϧͱͯ͠ɼ৽ͨʹφ
ϊϚ΢ϯυߏ଄ΛఏҊͨ͠ɽ
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ୈ5ষ FeΫϥελʔͷిࢠঢ়ଶ͓ΑͼFe/Siք໘ঢ়ଶ
ୈ 5ষͰ͸ɼFeৠணͷॳظஈ֊Ͱܗ੒͞Εͨ FeΫϥελʔͷ STSଌఆʹΑΔ
ిࢠঢ়ଶධՁΛߦͳͬͨɽΫϥελʔͷ STSεϖΫτϧதʹ͸ɼΤωϧΪʔΪϟο
ϓ͕؍ଌ͞ΕɼFeΫϥελʔαΠζ͕খ͍͞΄ͲΤωϧΪʔΪϟϓ෯͕޿͘ͳͬ
ͨ͜ͱ͔ΒɼΤωϧΪʔΪϟοϓ෯ͷมԽͷݪҼ͸ɼྔࢠαΠζޮՌʹΑΔ΋ͷͱ
݁࿦෇͚ͨɽ͞ΒʹɼSiج൘ද໘্ʹ͓͚ΔFeബບͷޫిࢠ෼ޫଌఆ݁Ռͱͷൺ
ֱ͔ΒɼFeΫϥελʔͷ STSεϖΫτϧͰ؍࡯͞Εͨిࢠঢ়ଶ͸ɼFeͷ 3dঢ়ଶ
༝དྷͰ͋Δͱ݁࿦෇͚ͨɽ·ͨɼFeΫϥελʔͷඇ઎༗ঢ়ଶ STM૾ʹ͓͍ͯɼΫ
ϥελʔपғͷH:Si(111)ج൘ද໘ʹ͘΅Έߏ଄Λ؍࡯ͨ͠ɽ͜ͷ͘΅Έߏ଄͸ɼ
FeΫϥελʔ/H:Si(111)ք໘Ͱੜͨ͡γϣοτΩʔ઀߹ͷܗ੒ʹΑΔόϯυϕϯ
σΟϯάͱɼSTM୳਑ʹΑΔ୳਑༠ىόϯυϕϯσΟϯάͷ 2ͭΛߟྀ͢Δ͜ͱ
Ͱઆ໌Ͱ͖Δ͜ͱΛࣔͨ͠ɽ͞ΒʹɼFeΫϥελʔۙ๣ͷ H:Si(111)ج൘ද໘্
Ͱ͸ɼόϯυΪϟοϓதʹ४Ґ͕ܗ੒͞ΕΔ͜ͱΛݟ͍ͩ͠ɼͦͷಛ௃͸ۚଐ༠ى
Ϊϟοϓ४ҐʹΑΔ΋ͷͱྑ͘Ұகͨ͠ɽ
ୈ6ষ ݁࿦
ୈ 6ষͰ͸ɼຊ࿦จͷ֤ষʹ͓͚Δ݁࿦͓Αͼશମͷ૯ׅΛߦͳͬͨɽ
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ࠓޙͷ՝୊
• STMʹΑΔݪࢠ෼ղೳͰͷ࣮ۭؒ؍࡯ʹΑͬͯɼFeݪࢠ͕H:Si(111)ج൘ද
໘ͷߏ଄Λอͬͨ··T4αΠτʹ༏ઌٵண͢Δ͜ͱͰɼॳظஈ֊͔Β (111)
഑޲ͨ͠ bccߏ଄ͷFeΫϥελʔ͕੒௕͢Δ͜ͱ͕෼͔ͬͨɽ͞ΒʹɼSTS
ʹΑΔہॴిࢠঢ়ଶධՁʹΑΓɼ਺nmεέʔϧͷFeΫϥελʔͱH:Si(111)
ج൘ͷք໘ʹ͓͍ͯ΋ɼγϣοτΩʔ઀߹͕ܗ੒͞ΕΔ͜ͱ͕෼͔ͬͨɽ͜
ͷ݁ՌΛཧ࿦ܭࢉͱൺֱ͢Δ͜ͱɽ
• FeΫϥελʔۙ๣ͷόϯυϕϯσΟϯάΛఆྔతʹධՁ͢Δ͜ͱɽ
• γϣοτΩʔোนߴ͞ͷΫϥελʔαΠζґଘੑΛධՁ͢Δ͜ͱɽ
͜ΕΒΛߦͳ͏͜ͱͰɼφϊεέʔϧྖҬʹ͓͚Δۚଐ/൒ಋମք໘ʹ͓͚Δిؾ
఻ಋػߏͷղ໌Λ͢Δ͜ͱͰ͋Δɽ
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෇ ࿥A ୯ݪࢠ૚ߴ͞ͷFeΫϥε
λʔͷݪࢠ഑ྻ
ਤA.1(a)ɼ(b)ɼ(c)͸ɼୈ 4ষͷਤ 4.4Ͱࣔͨ͠୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔ
ͷ STM૾Ͱ͋Δɽ(d)ɼ(e)ɼ(f)͸ɼ࠷ද໘ͷHݪࢠ͔Βୈ 2૚ Siݪࢠ·ͰΛඳ
͍ͨH:Si(111) ද໘ͷ݁থߏ଄ϞσϧΛॏͶͨ΋ͷͰ͋Δɽ
(b)
0
.1
5
 n
m
0
 n
m
1.0nm
(c)
0
.2
0
 n
m
0
 n
m
1.0nm
(a)
0
.2
5
 n
m
0
 n
m
1.0nm
(e) (f)(d)
ਤ A.1: ୯ݪࢠ૚ߴ͞ͷ FeΫϥελʔͷ STM૾ͱH:Si(111)ද໘ͷߏ଄ϞσϧΛॏͶͨ
STM૾ɽ
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෇ ࿥B ۚଐ༠ىΪϟοϓ४Ґ
FeΫϥελʔ/H:Si(111)ք໘ʹ͓͍ͯɼH:Si(111)ͷόϯυΪϟοϓ಺ʹܗ੒͞
Εͨۚଐ༠ىΪϟοϓ४Ґ (Metal Induced Gap StateɿMIGS)ʹ͍ͭͯઆ໌͢Δɽ
MIGSͱ͸ɼۚଐ͕൒ಋମͱ઀߹ͨ࣌͠ʹɼۚଐதͷిࢠͷ೾ಈؔ਺͕൒ಋମଆ΁
છΈग़͢͜ͱͰ൒ಋମͷόϯυΪϟοϓ಺ʹܗ੒͞ΕΔ४Ґͷ͜ͱͰ͋Γɼۚଐத
ͷిࢠͷ೾ಈؔ਺͸ɼෳૉ਺ల։ͨ͠൒ಋମͷ೾਺ϕΫτϧ kͷڏ਺੒෼ʹΑͬ
ͯදΘ͞ΕΔ࣮࣭తͳΪϟοϓ४ҐͱΧοϓϦϯά͢Δ͜ͱͰੜ͡ΔɽਤB.1͸൒
ಋମͷΤωϧΪʔόϯυͷ෼ࢄؔ܎Λ໛ࣜతʹࣔͨ͠΋ͷͰ͋Δ [54]ɽ1࣍ݩͷप
ظతͳϙςϯγϟϧ u(k)[kɿ೾਺ϕΫτϧ]தʹ͓͚Δ΄ͱΜͲࣗ༝ͳిࢠϞσϧ
Ͱ͸ɼϒϦϧΞϯκʔϯͷڥքʹ͓͍ͯ෯͕±V ͷόϯυΪϟοϓ͕ੜ͡Δɽ͜ͷ
पظϙςϯγϟϧதʹ͓͚Δ 1ిࢠͷ೾ಈؔ਺ψ(x)͸ɼψ(x) = eikxu(x)Ͱද͞Ε
Δͱ͍͏ͷ͕ BlochͷఆཧͰ͋Γɼόϯυ಺෦Ͱ k͸࣮਺ͱͳͬͯ೾ಈؔ਺͸݁
থશମʹ޿͕ΔɽҰํɼόϯυΪϟοϓ಺Ͱ͸ରԠ͢Δ࣮਺ k͸ଘࡏ͠ͳ͍͕ɼਤ
B.1Ͱࣔ͢Α͏ʹɼkΛෳૉ਺·Ͱల։͢Δ͜ͱͰόϯυΪϟοϓ಺ʹ͓͚Δిࢠ
ͷ೾ಈؔ਺ʹ͍֦ͭͯுͰ͖Δɽ͜͜Ͱɼk = kR + ikI ͱ͢Ε͹ɼ
eikx = ei(kR+ikI)x = eikRxe−kIx (B.1)
ͱද͢͜ͱ͕Ͱ͖Δɽ͜Ε͸ɼόϯυΪϟοϓ಺ͷ४Ґ͸ɼ݁থ಺Ͱݮਰ͢Δؔ਺
Ͱ͋Δ͜ͱΛ͍ࣔͯ͠Δɽ͜͜Ͱ݁থͷपظੑΛ aͱ͢ΔͱɼόϯυΪϟοϓ͕ੜ
͡ΔϒϦϧΞϯκʔϯͷڥք π/a෇ۙʹ͓͚ΔిࢠͷΤωϧΪʔEͱ೾਺ϕΫτ
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ϧ kͷ෼ࢄؔ܎͸ɼ
E = Ei− !
2
2m
(kI)
2 ±
√
V 2 − 4
(
!2
2m
)(π
a
)2( !2
2m
)
(kI)
2 (B.2)
ͱͳΔɽ͜͜ͰɼEi ≃ (ECBM + EV BM)/2Ͱ͋Δɽ͜ͷํఔࣜ͸࣮਺ղΛ࣋ͭ͜
ͱ͔Β 0 < kI <
ma|V |
!2π ͱͳΔɽैͬͯɼkI ͸E =
(
!2
2m
) (
π
a
)2 ± |V |Ͱ࠷খ஋Λऔ
ΓɼE =
(
!2
2m
) (
π
a
)2
Ͱ࠷େ஋ΛऔΔɽ൒ಋମόϯυΪϟοϓ಺ͷ࣮࣭తͳΪϟοϓ
४ҐͱΧοϓϦϯάͨۚ͠ଐͷ೾ಈؔ਺ʹΑΔ४Ґ͸ɼࣜ (B.1)Ͱࣔͨ͠Α͏ʹ
Ϊϟοϓ४Ґͷ೾਺ϕΫτϧͰ͋Δ kIʹΑ੍ͬͯݶ͞ΕΔɽैͬͯɼΪϟοϓ४Ґ
͸Ϊϟοϓͷ಺෦΄Ͳݮਰ͕ڧ͘ͳΓɼք໘͔Β൒ಋମ಺෦ʹ޲͔ͬͯࢦ਺ؔ਺త
ʹݮਰ͢Δ [54]ɽ
ਤ B.1: ෳૉ਺ kۭؒʹ͓͚ΔΤωϧΪʔόϯυͷ෼ࢄؔ܎ɽ
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෇ ࿥C େ͖͘੒௕ͨ͠FeΫϥε
λʔද໘ͷपظߏ଄
ਤ C.1(a)͸ 5 MLͷ FeΛ H:Si(111)ද໘ʹৠணͨ͠ޙʹಘͨ FeΫϥελʔͷ
STM૾Ͱ͋Δɽଌఆൣғ͸ɼ20 × 20 nm2Ͱ͋Δɽଌఆ৚݅͸ɼVtip=−2.0 V, I=20
pAͰ͋ΔɽFeΫϥελʔͷද໘্ʹ͸ɼݪࢠεέʔϧͷً఺͕؍࡯͞Εͨɽ͜
ͷ FeΫϥελʔද໘ͷடংੑΛ໌Β͔ʹ͢ΔͨΊʹɼSTM૾ͷࣗݾ૬ؔղੳΛ
ߦͳͬͨɽ༻͍ͨࣗݾ૬ؔؔ਺͸ҎԼͷࣜͰ͋Δɽ
G(k1, k2) =
∑
k1,k2
f(x, y)f(x+ k1, y + k2) (C.1)
͜͜Ͱɼf(x, y)ɼf(x+k1, y+k2)͸ͦΕͧΕɼSTM૾தͷ (x, y)ɼ(x+k1, y+k2)ͷ
Ґஔʹ͓͚Δڧ౓Λࣔ͠ɼk1ɼk2͸ͦΕͧΕ x࣠ɼy࣠ʹԊͬͨҠಈڑ཭ΛදΘ͢ɽ
௿प೾੒෼Λআڈͨ͠ STM૾ʹରͯ͠ɼࣗݾ૬ؔղੳΛߦ͏͜ͱͰɼτϙάϥϑ
૾ͷίϧήʔγϣϯʹΑΔද໘੒෼Λநग़͢Δ͜ͱ͕Ͱ͖ΔɽਤC.1(b)͸ɼ(a)ͷ
௿प೾੒෼Λআڈͨ͠τϙάϥϑ૾Ͱ͋Δɽਤ C.1(c)͸ (b)͔Βܭࢉͨࣗ͠ݾ૬
ؔ૾Ͱ͋Γɼ࿡֯ܗঢ়ͷύλʔϯ͕ݱΕ͍ͯΔ͜ͱ͕෼͔Δɽ͜Ε͸ɼFeΫϥε
λʔද໘͕ 6ճରশΛ΋ͭ͜ͱΛҙຯ͍ͯ͠Δɽਤ C.1(d)͸ (c)தͷഁઢͰࣔ͠
ͨ [110]ํ޲ʹԊͬͨϥΠϯϓϩϑΝΠϧͰ͋ΓɼFeΫϥελʔද໘ʹ͸ 0.8 nm
ͷपظ͕ଘࡏ͢Δɽ͜Ε͸ɼਤ 4.11Ͱࣔͨ͠φϊϚ΢ϯυߏ଄͕FeΫϥελʔද
໘ʹฒͿपظ (0.811 nm)ͱྑ͘Ұக͍ͯ͠Δɽ
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[110]
ਤ C.1: (a)5 MLͷ FeΛ H:Si(111)ද໘ʹৠணͨ͠ޙʹಘͨ FeΫϥελʔͷ STM૾
(Vtip=-2.0 V, I=20 pA)ɽ(b) (a)ͷ௿प೾੒෼Λআڈͨ͠τϙάϥϑ૾ɽ(c) (b)͔Βܭ
ࢉͨࣗ͠ݾ૬ؔ૾ɽ(d) (c)தͷഁઢʹԊͬͨϥΠϯϓϩϑΝΠϧɽ
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